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ABSTRACT 


This  report  (comprehensive  report  with  annotated  bibliography)  is  baaed  on  Soviet- 
Satellite  open  sources  published  1957-1964,  although  some  earlier  articles  are  included. 
It  is  the  first  in  a  series  of  reports  reviewing  theoretical  studies  in  lifting  reentry. 
Part  I  (Reentry  and  Recovery  of  Soviet  Manned  Space  Vehicles)  was  published  a a  ATP 
Report  P-64-60  (29  October  1964)  and  dealt  with  descriptions  of  launchings,  flights, 
and 'reentries  of  Voatok-type  space  vehicles.  Part  II  coapriaea  two  sections:  Sectio; 

I — a  comprehensive  report,  and  Section  II— an  annotated  bibliography.  Although  the  two 
sections  are  bound  in  one  volume,  they  are  independently  paginated  and  have  separate 
tables  of  concents.  Section  I  (62  pages)  is  a  comprehensive  review  of  sources  on  theo¬ 
retical  and  experimental  studies  of  problems  in  fields  of  space  sciences,  l.e.,  problems 
of  lifting  and  ballistic  hypervelocity  flight,  and  atmospheric  reentry  techniques. 

There  »r«  four  parts  following  the  Introduction:  Group  A.  High-speed  aerodynamics  and 
gas  dynamics?  Group  B.  High-speed  aero thermodynamics;  Group  C.  High-speed  flight  mechan¬ 
ics;  Group  D.  Strength  of  flight-vehicle  components  (thin  and  sandwich  plates  and  shells' 
A  brief  conclusion  is  given.  In  writing  this  report  articles  and  monographs  having  a 
closer  relation  to  the  reentry  problem  sad  showing  either  an  original  approach  to  the 
problem  or  a  new  method  applied  to  its  solution  were  selected  from  the  bibliography  and 
used.  Section  II  ( 304  pages)  is  an  annotated  bibliography  containing  86l  antries 
arranged  by  subject  in  a  manner  similar  to  Section  I:  Group  A.  Aeromechanics  of  high¬ 
speed  flows  (4^1  entries);  Group  B.  Aerothermodynamice  of  high-speed  flows  (168  entri^t. 
Group  C.  Flight  mechanics  (53  entries);  Group  D.  Strength  of  space  vehicle  components 
(173  entries);  Group  £•  Miscellaneous  (14  entries).  Within  each  subject  group,  the 
entries  are  further  arranged  chronologically  by  year  of  publioation  and  source.  There 
are  three  appendices  to  Section  II:  Appendix  A.  List  of  Source  Abbreviations,  Appendix 
B.  Glossary  of  Abbreviations,  and  Appendix  C.  Alphabetical  Index  of  Authors  and  Associa¬ 
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FOREWORD 


The  present  document  Is  the  first  in  a  series  of 
reports  on  atmospheric  reentry.  The  report  la  based  on 
Communist  World  open  technical  literature  available  at 
the  Aerospace  Technology  Division  In  the  Library  of 
Congress,  covering  primarily  the  period  from  1  January 
1957  to  31  Deoember  19o4.  Some  earlier  articles  (the 
earliest  of  July  1942  to  December  1956)  have  been  in¬ 
cluded. 

Part  I:  Reentry  and  Recovery  of  Soviet  Manned  Space 
Vehicles,  published  as  ATD  Report  p-64-60  dated  29  October 
1964,  deals  with  descriptive  aspects  of  reentry  problems. 

It  covers  the  period  between  1959  and  1964  and  is  based 
mainly  on  general  technical  literature  and  artloles  in  the 
dally  press  of  Communist  countries  on  the  launching  of 
Soviet  space  vehicles. 

Part II:  The  present  report  (No.  1  in  this  series) 
comprises  two  sections.  Section  I  is  a  comprehensive  re¬ 
view  of  papers  published  in  Communist  World  scientific 
sources  on  theoretical  and  experimental  studies  relating 
to  the  problems  of  lifting  and  ballistic  hypervelocity 
flight,  and  atmospheric  reentry  techniques.  The  materials 
on  which  this  review  is  based  have  been  arranged  according 
to  their  content,  as  shown  in  the  Table  of  Contents  of 
Section  I.  All  the  papers  reviewed  were  selected  from 
Section  II,  which  is  an  annotated  bibliography  containing 
66l  entries.  The  arrangement  of  this  bibliography  is  as 
follows:  The  entries  are  divided  into  groups  according  to 
a  fairly  detailed  subject  matter  breakdown  (see  Table  of 
Contents,  Section  II).  Within  each  subject  group,  the  en¬ 
tries  are  further  arranged  chronologically  by  year  of  pub- 
*  llcatlon  and  source. 

Both  sections  of  Part  II,  the  comprehensive  review 
and  the  annotated  bibliography,  are  here  bound  in  one  vol¬ 
ume,  with  a  colored  separator  sheet  between  them.  The  two 
sections  are  Independently  paginated:  Section  I  thus 
contains  pages  1  -  62,  and  Section  II  pages  1  -  304.  Appen¬ 
dices  A,  B,  and  C,  located  at  the  end  of  Section  II,  con¬ 
sist  respectively  of  a  List  of  Source  Abbreviations,  a 
Glossary  of  Abbreviations,  and  an  Alphabetical  Index  of 
Authors  and  Associations. 

This  Report  will  be  followed  by  Report  No.  2  of 
Part  II  which  will  also  Include  ballistic  reentry  and  will 
have  the  same  arrangement  as  Report  No.  1.  It  will  oonteln 
information  published  on  the  topic  in  the  Communist  World 
during  1965  *nd  the  first  half  of  1966.  The  entries  in 
the  annotated  bibliography  in  Report  No.  2  will  be  numbered, 
starting  with  No.  1001. 
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The  field*  of  science  pertinent  to  the  technology  of  the  lifting 
reentry  can  be  divided  into  the  following  prinicpal  groups; 

A  -  High  speed  aerodynamic  a  and  gas  dynamic  a,  including  rarefied- 
gXB  flows  end  deal&i  of  minlnun-drag  bodies; 

B  -  High-speed  aerotherraodynamics,  Including  kinetic  heating, 
injection  cooling,  and  ablation  shielding; 

C  -  High-speed  flight  mechanics,  including  orbital  and  reentry 
mechanics,  flight  dynamics,  oscillatory  motion  of  flight 
vehicles,  and  meteorite  hazards; 

D  -  Strength  of  space  vehicles,  l.e. ,  dynamic  and  t hemal  stress 
analyses  of  their  components,  mainly  thin  (solid,  and  sandwich- 
type)  plates  and  shells 

A  mare  detailed  breakdown  of  these  groups  can  be  found  In  the  table  of 
contents  of  this  corprehenalve  report. 

The  articles  and  monographs  having  a  specially  close  relation  to 
the  problem  of  reentry  and  showing  either  an  original  approach  to  the 
problem,  or  a  method  of  its  solution  have  been  selected  from  the  annotated 
bibliography  and  ueed  in  writing  this  cotqprehsnsive  report.  Kinetic 
heating  with  subsequent  radiation,'  dissociation,  ionization,  and  recom¬ 
bination  processes  in  the  air  flow,  and  ablation  and  sublimation  of  the 
vehicle  material  are  widely  discussed  topics  related  to  the  elements  of 
the  reentry  process. 

When  reviewing  the  Soviet-Bloc  literature  one  gets  an  impression  of 
even  more  thorough  discussion  of  topics  associated  with  protection  against 
the  kinetic  heating  —  porous  cooling,  ablation  shielding,  and  thermal 
insulation  —  than  of  the  kinetic  heating  Itself. 

Considerable  attention  is  also  given  to  problems  in  high-speed 
flight  mechanics  (see  group  C  in  the  table  of  contents).  The  open  scien¬ 
tific  and  technical  literature  associated  with  lifting-reentry  elonants 
leaves  one  with  the  impression  that  the  scientists  and  engineers  of  the 
Soviet  Bloc  are  capable  of  developing  methods  which  will  result  In  ad¬ 
vanced  reentry  techniques. 

The  term  "flight  vehicle"  is  used  in  its  broadest  sense  and  includes 
spacecraft  (space  vehicles)  and  aircraft.  The  tern  "aircraft"  encom¬ 
passes  airplanes,  rockets,  etc. 


Group  A.  HlGh-SPEED  AERODYNAMICS  AND  GAS  DYNAMICS 
1.  Lift  end  Pressure  Distribution 

The  distribution  of  lift  and  pressure  over  bodies  in  high-speed  gas 
flows  are  very  inportant  to  an  aircraft  designer.  Around  1955  there  were 
two  methods  for  determining  the  pressure  distribution  over  bodies  of  reva¬ 
luation:  1)  a  method  of  linearizing  the  equations  of  motion,  and  2)  a 
method  of  characteristics.  At  that  tine  A.  A.  Dorodnitsyn  proposed  a  new 
method  [269],  based  on  approximate  integration  of  equations  of  axi  symmetric 
flow  characteristics,  which  is  applicable  for  small  and  large  Mach  renters. 
The  pressure  distribution  over  an  axisymmetric  arbitrarily  shaped  body 
and  other  parameters  in  a  plane-parallel  supersonic  flow  with  a  detached 
shock  wave  are  discussed  in  detail  by  0.  M.  Belotserkovskiy  [282],  who 
presents  a  critical  survey  of  previous  studies  and  various  approaches  to 
this  problem.  A  mixed  turbulent  flow  of  a  compressible  gas  In  the  region 
between  the  shock  wave  and  the  eurfHce  of  the  body  is  analyzed  as  well  as 
the  boundary-layer  characteristics  in  that  region.  A  computation  method 
(based  on  Dorodnitsyn' s  method  of  integral  relations)  of  reducing  the 
problem  to  a  mmerlcal  solution  of  an  approximating  system  of  ordinary 
differential  equations  is  introduced  so  that  the  final  results  can  be 
obtained  with  a  desired  degree  of  accuracy  by  using  electronic  computers 
The  parameters  of  a  flow  with  a  detached  shook  wave  at  Vi^  ■  3.0,  4.0, 
and  5*0  past  a  circular  cylinder  are  corputed,  and  the  results  are  pre¬ 
sented  in  tables  and  diagrams. 

The  pressure  distribution  above  airfoils  in  supersonic  and  hypersonic 
airflows  has  been  investigated  by  E.  CarafoU  [387];  he  gives  some  prac¬ 
tical  considerations  In  deriving  a  solution  for  a  large  range  of  Mach 
numbers  from  M  *  1  up  to  the  Newtonian  region  ••).  Expressions  for 
pressure  coefficients  in  flow  behind  a  shock  wave  and  for  the  Prsndtl- 
Meyer  expansion  are  derived  and  used  for  determining  the  aerodynamic 
characteristics  of  an  airfoil  (e.g, ,  lift,  moment,  wave-drag  coefficients). 

The  lifting  force  in  rarefied-gas  flows  at  hypersonic  speeds  is  dis¬ 
cussed  In  [124],  and  it  is  shown  that  the  lift  of  large  bodies  (wedge, 
cone,  etc.)  at  hypersonic  speeds  and  arbitrary  Knudaen  numbers  can  be 
negative  at  any  angle  of  attack  between  0  and  90°.  It  is  proven  that 
this  statement  is  applicable  to  a  hypersonic  flow  of  a  continuum  past 
bodies  when  the  pressure  distribution  over  the  body  can  be  determined 
by  the  Newtonian  flow  theory. 

The  qualitative  analysis  of  slip-flow  effects  (the  order  of  values 
of  velocity  and  temperature  jurpe  at  the  walls  of  a  body)  In  a  slightly 
rarefied-gas  new  is  presented  in  [205];  the  effects  of  interaction  and 
slip  cn  flow  parameters  (friction,  pressure)  in  a  now  past  a  thin  wedge 
are  discussed,  and  the  applicability  of  the  boundary-layer  theory  is  con¬ 
sidered.  The  effect  of  velocity  and  temperature  jusps  on  the  heat  trans¬ 
fer  between  the  body  and  the  heated  basic  portion  of  the  boundary  layer 
(where  the  taaperature  is  proportional  to  the  squared  Mach  nusber  at  In¬ 
finity)  is  examined.  The  atmospheric  entry  of  a  space  vehicle  Is  the 
final  and  most  formidable  problem  for  a  spacecraft  returning  either  from 
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travel  In  space  or  from  orbiting.  An  attenpt  to  determine  the  effect 
of  thermal  radiation  on  the  entry  parameters  is  made  by  applying  the  rela¬ 
tionships  which  are  used  in  determining  the  parameters  of  a  gas  heated  by 
a  shock  wave  in  a  hypersonic  flow  past  a  slender  body. 

The  solution  of  the  entry  problem  of  a  slender  body  moving  at  high 
hypersonic  speeds  into  the  dense  layers  of  the  terrestrial  atmosphere  is 
presented  in  [427].  It  is  shown  that  radiation  greatly  influences  the 
temperature  and  density  distribution  in  the  flow,  whereas  the  pressure 
and  velocity  are  less  affected;  numerical  results  of  a  calculation  of  the 
radiation  effect  on  the  flow  parameters  are  presented  in  tables  and  diagrams. 

The  hypersonic  similitude  of  tenperature  profiles  in  bodies  during 
atmospheric  entry  at  high  velocities  is  discussed  in  [585].  The  similitude 
conditions  are  examined,  and  it  is  found  that  the  temperature  profiles  on 
the  (neater  part  of  the  entry  trajectory  (so  long  as'  the  velocity  is 
tically  constant)  can  be  determined  by  only  one  parameter.  The  effects 
of  radiatwe  heat  excnange  (with  Sun,  Earth,  etc)  and  aerodynamics  heat 
flow  are  examined,  and  the  similitude  parameters  of  tenperature  pro¬ 
files  in  the  presence  of  mass  ablation,  taking  into  consideration  physico¬ 
chemical  transform! tons  in  the  body  material,  are  determ’ned  and  discussed. 


2.  Radiation,  Dissociation ,  Ionization,  and  Re corrfo lnation 

Processes  In  Gas  r  j.uws 

With  the  increasing  kinet<c  heating  of  a  gas,  the  processes  of  radia¬ 
tion,  dissociation  of  molecules,  and  ionization  and  reconfclnatlon  of  atom 
take  place  in  it,  which  affect  the  gas-flow  parameters  in  many  ways.  The 
hypersonic  flow  of  a  radiating  gas  behind  a  shock  wave  in  the  vicinity  of 
the  stagnation  point  of  a  blunt  body  is  studied  in  [133]  taking  into  con¬ 
sideration  tlie  absorption  process;  the  effect  of  the  radiation  (most  essen¬ 
tial  in  this  region  because  of  high  temperatures  and  low  velocities)  on  the 
flow  parameters  is  investigated,  ‘ft#*  dependence  of  the  extent  of  the  radia¬ 
tion  influence  on  the  absorption  coefficient  and  the  optical  thickness  of 
tne  shock  layer,  as  well  as  on  the  geometric  parameters  of  the  body,  re¬ 
sults  in  the  effect  radiation  growing  with  increasing  absorption  coef¬ 
ficient  and  body  dimensions,  and  diminishing  with  increasing  optical  thick¬ 
ness  of  the  shock  layer. 

The  study  of  the  dissociation  process  behind  a  shock  wave  facilitates 
the  analysis  of  transient  processes  in  perfect  gases.  The  nonequilibrium 
dissociation  of  a  two- component  gas  mixture,  consisting  either  of  two 
diatomic  or  one  diatomic  and  one  monatomic  gas  is  analyzed  in  [137]»  and 
the  results  of  a  numerical  calculation  of  process  parameters  (temperature, 
density,  width  of  the  relaxation  region)  for  an  oxygen-argon  mixture  at 
M  -  10.2,  pw  -  10  rrrr.  Hg,  and  T  -  298°K  are  discussed  and  illustrated  by 
diagrams.  When  air  passes  through  a  very  strong  shock  wave,  it  acquires 
a  plasma  state,  and  the  processes  of  atom  ionization  and  reconfcination  take 
place  in  it.  An  analysis  of  these  processes  is  presented  in  [51*!].  For¬ 
mulas  are  derived  for  the  coefficients  of  ionization  by  electron  lrpact 
in  the  hot  air  from  all  energy  levels,  and  for  the  coefficients  of  recom¬ 
bination  (in  cases  of  recombination  with  emission  of  a  quantum  of  radia¬ 
tion,  and  as  result  of  a  three-particle  collision)  by  using  the  hydrogenic 
approximation.  The  application  of  these  formulas  to  the  ionization  and 
recombination  of  complex  atoms  is  discussed,  and  an  expression  for  a  cor¬ 
recting  factor  (for  the  ionziation  coefficient)  taking  account  of  the 
malt ip li city  of  the  atom  is  given.  The  variation  of  the  parameters  of  a 
gas  passing  through  a  strong  shock  wave  and  the  equilibrium  behavior  of 
the  gas  behind  the  shock  are  discussed  in  [9*0,  using  the  equations  of 
state  conservation  and  relaxation  as  the  initial  ones.  From  an  approxi¬ 
mate  solution  of  these  equations  (assuming  a  constant  heat  capacity),  the 
width  of  tlie  nonequllibrlum-dlssociation  region  is  determined,  as  well 
as  variations  of  gas  parameters  (e.g. ,  density,  tenperature) ,  in  the  equi¬ 
librium  state  and  during  the  relaxation  process.  The  gas -dissociation 
processes  In  the  boundary  layer  at  hypersonic  -velocities  with  M  >  10  have 
a  noticeable  effect  on  friction  and  heat  exchange.  Analytical  expressions 
for  the  laws  of  friction  and  heat  exchange  in  a  turbulent  boundary  layer 
of  a  dissociated  gas  derived  in  [578]  are  based  on  the  limit-law  theory 
and,  therefore,  do  not  contain  (at  least  for  large  Reynolds  nurbers)  any 
etipirlcal  constants.  The  corrp arisen  of  numerical  data  concerning  a  cer¬ 
tain  friction  parameter  conputed  by  using  the  formulas  derived  with  data 
obtained  by  W.  Dorrance  (ARS  Journal,  v.  31,  no.  1,  1961)  shews  satisfac¬ 
tory  agreement. 
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3.  Boundary  Layer 


Considerable  attention  la  paid  by  Connuniat-W orld  scientists  to  the 
Investigation  of  plane  and  three-^Lirenslonal  boundary-layer  probletns. 
Knowledge  of  the  boundary- layer  structure  and  properties  is  very  inportant 
because  the  transport  phenomena  between  the  fluid  flow  past  a  body  and  the 
body  surface  are  confined  to  this  thin  layer  of  gas.  The  study  of  a  com¬ 
pressible  boundary  layer  (at  large  velocities)  is  of  especially  great  im¬ 
portance  because  of  a  considerable  tenperature  Increase  due  to  frictional 
heating.  An  analysis  of  the  parameters  of  a  two-  and  a  three-dimensional, 
compressible ,  turbulent,  boundary  layers  over  an  arbitrarily  curved  surface 
is  presented  in  [1553*  on  the  assunption  that  there  are  neither  longitudinal 
nor  transverse  pressure  gradients.  Sinple  formulas  are  given  for  calculating 
the  heat  exchange  on  the  faces  and  the  surface  of  pointed  and  blunted  cones 
under  a  given  angle  of  attack  (with  regard  to  the  shock  curvature),  and  on 
a  cylindrical  surface  in  a  slip  flew. 

The  hypersonic  similitude  is  an  inportant  tool  in  studying  the  hyper- 
sonic-flow  problems,  and  has  been  considered  in  Soviet  technical  scientific 
literature  by  0.  G.  Chemyy,  V.  V.  Lunev,  and  others.  The  similarity  of 
two  hypersonic  flows  which  differ  in  scale  Is  established  by  the  intensity 
of  ncndimaisional  parameters  and  functions  characterizing  the  flows.  These 
similitude  conditions  are  investigated  In  [389]  for  hypersonic  flews  past 
plane  and  axiaynmetrical  slender  olunted  bodies  having  on  their  surfaces 
turbulent  boundary  layers  with  variable  entropy  along  their  outer  boundary. 
This  boundary  layer  is  developed  within  an  inviscid  highly  turbulent  high- 
entropy  layer  formed  in  the  gas  which  passed  through  a  section  of  an  oblique 
shock  wave  near  the  stagnation  point;  the  high-entropy  layer  has  a  high 
tenperature  and  low  density,  so  that  the  pressure  is  assured  to  be  constant. 
Equations  of  momentum  and  energy  of  the  turbulent  boundary  layer  are  used 
in  integral  form  together  with  errpirical  formulas  tc  derive  expressions 
which  describe  the  similitude  conditions  investigated.  A  hypersonic- 
similitude  law  based  on  these  expressions  is  formulated  which  states  that 
the  hypersonic  flows  past  slender  blunt  booles  with  a  turbulent  boundary 
layer  will  be  similar  if  certain  of  their  (enumerated)  flow  parameters 
and  functions  are  correspondingly  identical.  The  application  of  these 
similitude  conditions  to  flows  past  bodies  whose  form  is  described  by  a 
power  function,  and  to  a  laminar  boundary  layer  is  discussed. 

The  effect  of  thermal  radiation  and  absorption  on  the  parameters  of  the 
boundary  layer  is  investigated  in  [733  by  using  a  genera!  system  of  equations 
of  gas  dynamics,  taking  radiation  into  account,  for  a  laminar  boundary  layer, 
on  a  plate,  and  the  solution  is  obtained  (assuming  tne  viscosity  law 
up  ■  const  where  u  is  the  viscosity  coefficient  and  p  -  the  density)  in 
the  form  of  a  series  in  terms  of  two  nondimensional  parameters  determining 
the  radiation  effect  on  the  boundary  layer;  expressions  are  derived  for  the 
radiation  flux  into  the  plate,  the  velocity  profile,  and  the  skin  friction. 

Simplifications  in  boundary-layer  analysis  in  plane  and  axisynmetrlcal 
flows  of  a  radiating  gas  over  surfaces  like  a  double-wedge  airfoil  or  a 
flattened  nose  of  a  body  of  revolution  are  discussed  in  [239].  Conditions 
are  established  under  which  certain  sinplifying  assumptions  (such  as  neglect 
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of  some  radiant-energy  flux  conponents)  can  be  used,  greatly  reducing  calcu¬ 
lation  without  sacrificing  accuracy.  The  wall  temperature  is  assumed  to  be 
equal  to  that  of  the  gas  at  the  stagnation  point,  as  in  case  of  sublimation. 

An  interaction  between  a  viscous  radiating  gas  flow  and  the  surface 
of  a  body  at  very  high  hypersonic  speeds  is  examined  in  [163].  Computation 
results  for  conditions  behind  the  normal  shock  at  certain  atmosphe rl c-ent ry 
speeds  (up  to  10—15  kr/sec) ,  altitudes  (ip  to  70  km),  and  temperatures  (vp 
to  20,C00°K)  are  shown  graphically  and  compared  with  the  phenomenon  of  a 
3teady  gas  discharge  under  high  pressure.  \ 

The  detarrihEtfcn  of  the  drag-velocity  relationship  in  a  turbulent 
boundary  layer  on  a  plate  in  a  gas  flow  is  discussed  by  using  the  Klrmar. 
boundary-layer  equation  and  assuming  a  constant  friction  stress  over  the 
layer  [364];  it  is  shown  that  the  Karman  theory  on  the  drag  of  a  plate  in 
an  incompressible  fluid  can  be  easily  generalized  to  gas  flows  with  large 
Mach  numbers.  The  results  of  the  analysis  are  illustrated  in  diagrams  by 
curves  showing  the  dependence  of  t  ncndlmensional  friction  coefficient  on 
the  Mach  number  values  up  to  M.  *  10. 

The  flow  of  a  compressible  fluid  in  a  steady  turbulent  boundary  layer 
is  examined  in  [437];  the  velocity  profile  in  the  layer  is  determined,  and 
the  relationship  between  the  friction  stress  on  the  wall  and  the  thickness 
of  the  boundary  layer  is  established  for  a  thermally  noninsulated  wing  and 
an  axisyimetrical  body. 

The  same  problem  in  the  case  of  accelerated  or  retarded  motion,  when 
an  unsteady  turbulent  boundary  layer  is  formed,  is  discussed  in  [323];  the 
variation  in  the  location  of  the  separation  point  is  analyzed,  and  the  effect 
of  drag  is  evaluated.  The  boundary-layer  parameters  in  sections  close  to 
the  stagnation  poin*  are  of  special  inport  an  ce,  particularly  when  the  gas 
reacts  chemically  with  the  material  of  the  body. 

The  equations  of  e.  laminar  boundary  layer  at  the  stagnation  point  of 
a  blunt  body  are  used  in  calculating  the  parameters  of  a  multiconponent 
boundary  layer  in  the  presence  of  chemical  reactions  on  the  body  surface 
[152].  The  burning  of  a  body  consisting  of  many  elements  (various  carbon, 
oxygen,  and  hydrogen  compounds)  in  a  high-temperature  air  stream  is  analyzed, 
and  the  rate  of  burning  and  the  surface  temperature  are  determined.  The 
burning  of  a  graphite  body  is  discussed  briefly. 

The  problem  of  cooling  the  surface  of  a  porous  body  by  injecting  a 
chemically  active  or  inert  fluid  through  its  walls  is  often  discussed  in 
Soviet  literature,  in  connection  with  the  effects  of  gas  injection  on  such 
physical  properties  as  the  heat  exchange  and  skin  friction  in  the  mixture 
on  the  plate  surface. 

The  laminar  boundary  layer  characteristics  on  a  porous  plate  in  a  gas 
flow  with  a  fluid  injected  ir.to  the  layer  in  the  presence  of  chemical 
reactions  are  analyzed  in  [15^].  The  effect  of  chemical  reactions  on  the 
heat  and  mass  exchange  is  investigated,  and  the  dependence  of  friction 
stresses,  and  thermal  and  diffusion  fluxes  at  the  wall  on  a  ncndimenaional 
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fluid-injacticn  parameter  and  the  Mach  number  of  the  flow  are  established. 

The  approximation  and  generalization  of  results  obtained  Is  used  In  deriving 
the  engineering  formulas  which  can  be  used  In  determining  the  necessary 
mount  of  coolait  for  porous  cooling  at  a  given  surface  temperature,  the 
rates  of  burning,  and  the  sublimation  of  the  body  material. 

A  laminar  boundary  layer  cn  an  axisyirnetrlcal,  blunt  body  moving  at  a 
high  supersonic  speed  Is  examined  in  a  steady  flow  at  the  stagnation  point 
where  the  pressure  and  tenperature  conditions  provide  for  phase  change 
or  evaporation  [141].  The  high  tenperature  In  the  boundary  layer  allows 
the  presence  of  chemical  reactions.  A  numerical  sanple  analysis  Is  made 
far  an  oxygen  flow  past  a  graphite  body  with  equilibrium  chemical  reactions 
In  the  boundary  layer. 

A  steady  flow  of  a  binary  gas  mixture  in  a  laminar  boundary  layer  on 
a  surface  which  causes  a  weak  transverse  mass  flow  (e.g. ,  a  porous  or  evapo¬ 
rating  surface)  is  studied  [130];  the  physical  properties  of  perfect-conpo- 
nent  gases  are  different,  and  their  specific  heats  are  independent  of  tem¬ 
perature.  A  general  case  is  treated  when  the  free-stream  velocity  and  surface 
temperature  are  time-dependent,  and  the  law  of  dependence  of  transfer  coef¬ 
ficients  on  tenperature  is  arbitrary.  The  equations  of  a  two-conponent 
boundary  layer  are  transformed  into  a  system  of  three  second-order  nonlinear 
differential  equations  of  the  same  form,  which  are  reduced  to  a  system  of 
three  linear  differential  equations.  For  integration  of  these  equations,  a 
certain  method  of  linearization,  called  ’’the  method  of  straight  lines”  is 
used.  As  an  exairple  the  boundary-layer  and  gas-injection  parameters  in  a 
gas  flowing  past  a  porous  plate  are  discussed,  and  results  of  a  numerical 
evaluation  of  a  uniform  injection  of  hydrogen  into  a  boundary  layer  of  air 
are  presented  in  diagrams. 

Suction  of  the  boundary  layer  can  be  used  to  increase  the  flying 
range  of  winged  aircraft.  The  optimum  bleed  on  a  porous  plate  in  an  incom¬ 
pressible  gas  flow  over  a  plate  is  discussed  in  [2*04  ].  The  optimum  bleed 
means  such  a  distribution  of  the  normal  velocity  conponent  on  the  plate  sur¬ 
face  such  that  the  local  Reynolds  number  in  every  boundary-layer  cross  section 
is  equal  to  its  lower  critical  value;  a  porous  plate  is  one  on  whose  sur¬ 
face  the  normal-velocity  component  is  distinct  from  zero.  Coefficients  of 
laminar  friction  and  the  local  and  total  amount  of  gas  bleed  are  determined 
for  the  optimum-bleed  conditions. 

A  laminar  boundary  layer  consisting  of  two  separate  phases  -  liquid 
and  gas  -  is  analyzed  in  [191].  The  liquid  phase  is  formed  on  the  surface 
of  a  body  in  a  stream  of  gas  by  surface  melting  or  by  injecting  a  liquid 
through  its  pores.  The  densities  of  both  the  liquid  and  the  gas  are  con¬ 
stant,  and  their  physical  properties  are  independent  of  temperature.  Partial 
differential  equations  with  oomuary  conditions  fdrthe  flow  of  each  phase  and 
on  their  interface  are  given  as  well  as  their  solutions.  The  Interrelations 
of  variations  In  the  flow  velocity,  the  rate  of  liquid-phase  forming,  and 
body-surface  conditions  are  discussed.  The  second  approximations  in  solving 
the  problem  of  a  laminar  boundary  layer  on  a  plate  under  various  conditions 
(e.g.,  constant  Prandtl  number  and  parameter  K  »  py  where  p  -  is  density, 
y  -  viscosity  conditions)  with  equilibrium  dissociation  taken  into  account 
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are  derived  In  [893  for  a  thermally  insulated  plate  and  for  a  plate  with  a 
prescribed  surface  terrperature .  A  numerical  analysis  of  the  boundary  layer 
on  such  a  plate  for  1^,  ■  10,  20,  and  30  Is  presented,  illustrated  by  diagrams 
showing  the  dependence  of  layer  parameters  (layer  thickness  heat  content, 
velocity  variation)  on  M.  The  error  Induced  by  assuming  that  K  ■  const  is 
pointed  out. 


4.  Shock  Waves 


The  study  of  shock-wave  phanorasna  and  relationships,  and  irreversible 
changes  in  gas  and  flow  parameters  in  passing  through  a  shock  wave,  e.g., 
decreases  In  velocity  associated  with  Increases  in  pressure,  density, 
temperature, entropy ,  etc.,  are  of  vital  inportance  in  the  kinetic  heating, 
stagnation-point  flow,  and  boundary -laye r  parameters. 

A  longitudinal,  supersonic,  gas  flow  past  a  body  of  revolution  or  a 
symmetrical  airfoil  with  a  forward  detached  shock  wave  of  large  curvature 
has  been  discussed  in  [250],  and  the  effects  of  viscosity  and  heat  conduc¬ 
tivity  of  the  gas  (usually  neglected  in  flows  with  shock  waves  of  a  smaller 
curvature)  on  the  parameters  of  the  flow  behind  the  shock  wave  (flows  have 
large  velocity  and  pressure  gradients  in  this  case)  are  investigated.  The 
continuity,  impulse,  and  energy  equations  are  used  to  describe  the  rela¬ 
tionships  between  characteristics  on  both  sides  of  the  shock  wave.  Ihe 
formulas  of  the  temperature  and  pressure  ratios  ahead  of  and  behind  the 
shock  wave  are  given,  and  the  change  of  these  parameters  in  the  case  of  a 
perfect  gas  and  their  dependence  on  the  Reynolds  number  are  pointed  out. 

Ihe  dependence  of  the  curvature  of  a  shock  wave  on  the  curvature  of 
the  outer  surface  of  an  annular  body  of  revolution  in  a  supersonic  gas 
flow  is  mathematically  analyzed  in  [268],  A  flow  is  considered  when  there 
is  no  bow  shock  wave  in  front  of  the  whole  body,  and  an  oblique  shock  sur¬ 
face  is  attached  to  the  leading  edge  of  the  body.  The  author  comes  to  the 
conclusion  that  the  law  of  dependence  of  the  curvature  of  a  shock  wave  on 
the  sum  of  curvatures  of  the  body  and  of  the  streamline  in  a  conical  flow 
is  analogous  to  ,ne  law  of  dependence  of  the  shock-wave  curvature  on  the 
curvature  of  an  airfoil  in  a  plane-parallel  flow. 

The  effect  of  the  transverse  curvature  of  a  convex  (cylinder)  or  con¬ 
cave  (channel)  surface  on  the  turbulent-layer  parameters  in  a  high-speed 
flow  in  the  presence  of  lie at  exchange  is  investigated  in  [200]  for  various 
Reynolds  and  Mach  numbers  and  various  values  of  certain  tenperature  param¬ 
eters,  assuming  that  the  molecular  and  turbulent  Prandtl  numbers  are  dis¬ 
tinct  from  unity,  the  viscosity  and  heat-conductivity  coefficients  are  in¬ 
dependent  of  pressure  (but  dependent  on  tenperature),  and  cD  is  constant 
(c  -  is  the  heat  capacity  under  constant  pressure).  Equations  of  an 
averaged  steady  gas  motion  in  an  axially  symmetrical  turbulent  boundary 
layer  without  a  longitudinal  pressure  gradient,  and  the  equation  of  state 
are  used  In  determining  the  tenperature  distribution,  the  velocity  profile, 
and  the  drag  law  in  the  boundary  layer.  The  results  of  computing  the 
boundary-layer  parameters  and  evaluating  the  surface-curvature  effects  for 
a  cylinder  (at  M  -  0  to  10,  Re  *  104  to  »,  and  T,/rr  -  0.2  to  1.0)  and  a 
channel  (M  ■  0,  0.5,  1.0;  Re  *  10;  and  Ty/Tj  ■  0.2,  1.0,  2.0)  are  discussed 
and  compared  with  experimental  data  in  a  number  of  diagrams.  Here  Tw  is 
the  wall  surface  tenperature,  and  T  and  T,  are  the  tenperature  of  the 
outer  boundary-layer  surface  for  tne  cylinder  and  the  channel,  respectively. 

The  propagation  of  unsteady  shock  waves  is  investigated  in  [58]  by  an 
approximate  method  in  which  the  equation  of  the  state  of  the  medium 
p  ■  p(V)  (where  p  is  the  pressure  and  V,  the  volume)  is  replaced  by  a 
broken  line  p  *  -A2V  +  B  (where  A  and  B  are  constant  along  a  segnent) ;  by 
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reducing  the  length  of  the  straight  segnents,  the  desired  accuracy  In  de¬ 
termining  the  wave  parameters  can  be  obtained,  The  propagation  and  reflec¬ 
tion  of  a  plans  unsteady  shock  free  a  rigid  wall  is  analysed. 

The  propagation  of  mi  explosion  shock  wave  ia  investigated  in  [78]  by 
applying  the  method  of  integral  relations  to  the  total  energy  of  the  moving 
gas  and  using  the  piston-theory  technique.  An  expression  is  derived  from 
which  the  lf.w  of  the  shock -wave  propagation  and  the  pressure  can  be  deter¬ 
mined.  The  exactness  of  propagation-rate  and  pressure  functions  obtained 
is  discussed  for  the  piston  expanding  at  a  constant  rate,  and  according  to 
a  power-law  function;  the  case  of  a  strong  explosion  la  also  analyzed.  Qy 
using  the  law  of  plane  sections  (equivalence  principle) ,  the  shape  of  the 
shock  wave  formed  in  a  hypersonic  flow  past  an  airfoil  or  a  body  of  revolu¬ 
tion  can  be  determined  as  well  as  the  pressure  distribution  over  the  sur¬ 
faces  of  these  bodies,  even  in  cases  when  their  noses  are  slightly  blunted. 

The  gas  flows  with  plane,  cylindrical,  and  spherical  waves,  induced  by 
the  propagation  of  a  3 1 rone;  shock  rave  in  a  gas  at  rest,  are  studied  in 
[119]  by  using  the  method  of  integral  relations  and  the  piston  analogy  in 
determining  the  gas  parameters  and  motion.  The  application  of  some  versions 
in  using  this  method  is  discussed.  In  one  version  it  is  assumed  that  the 
pressure  and  velocity  of  all  gas  particles  between  the  shock  wave  and  the 
piston  are  identical,  i.e.,  they  depend  only  on  time.  The  equations  of 
conservation  of  mass,  momentum,  and  energy  are  used  as  initial  ones,  and 
approximate  results  obtained  show  fair  agreement  with  those  of  an  exact 
solution.  In  another  vpieion,  the  self-similar  solutions  are  applied  by 
introducing  in  formulas  for  mass,  momentum,  and  energy  of  the  moving  gas 
additional  constraints  which  exist  between  these  quantities  in  self-similar 
motions  under  like  conditions.  The  procedure  is  outlined  for  determining 
the  gas  and  shock-wave  propagation  parameters,  which  requires  much  amputa¬ 
tion,  In  a  third  version,  the  method  of  a  "shock  layer"  is  applied,  in 
which  the  approximate  distribution  functions  of  velocity  and  pressure  are 
used  in  tins  form  of  expansions  in  powers  of  a  paiemeter  characterizing  the 
ratio  of  gas  densities  ahead  of  and  behind  the  shock  wave.  An  expression 
for1  determining  the  law  of  shock-wave  propagation  is  derived.  The  problem 
of  a  detonation  with  the  initial  pressure  taken  into  account,  and  of  an  un¬ 
stable  source  of  a  gas  flow  in  a  conpressible  gas  are  discussed.  The  lat¬ 
ter  problem  is  encountered  in  studying  the  operation  of  shock  tubes  with 
a  divergent  nozzle. 

Plane  and  axisyrrrnetrlc  gas  flows  with  strong  shock  waves  having  a 
power-function  shape  are  discussed  in  [82],  The  high-entropy  portion  of 
the  flow  adjacent  to  the  surface  of  the  body  carrying  the  shock  is  investi¬ 
gated,  and  it  is  shown  that  a  correction  in  thickness  of  the  high-entropy 
layer  is  necessary  if  exact  solutions  of  unsteady  self-similar  gas  motion 
are  to  be  used  in  solving  the  corresponding  high-entropy  flow  problems  A 
method  is  presented  for  introducing  such  a  correction,  and  for  corstractlng 
the  shape  of  the  body  for  wheih  the  pressure  distribution  was  determined 
by  means  of  the  small-disturbance  theory. 

A  longitudinal  supersonic  gas  flow  past  a  slender  pointed  body  of 
arbitrary  cross  section  is  investigated  in  [353]»  and  the  location  and  in¬ 
tensity  of  the  front  shock  wave  are  determined  by  an  asymptotic  formula 
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baaed  on  methods  previously  developed  by  the  author  (PM,  v.  25,  no.  3, 

1961);  It  la  aaevwed  that  the  whole  body  is  within  the  ttach  oone  constructed 
for  the  w&Lituxfeed  flow  and  has  Its  apex  at  the  stagnation  point  of  the 
body.  It  la  discovered  that  the  bow  abode  wave  is  a  circular  cone,  close 
to  the  Mach  oone,  with  the  axis  parallel  to  the  flow  direction. 

The  self-similar  reflection  of  a  plane  shock  wave  Is  discussed  and 
the  relative  position  of  the  incident,  reflected,  and  Mach  waves  investi¬ 
gated  in  £2H0j.  The  strength  of  a  Mach  wave  at  the  wall  is  determined,  and 
it  la  shorn  that  a  Mach  wave  cannot  propagate  either  far  ahead  of  or  far 
behind  the  incident  shock  wave.  The  configuration  of  waves  in  the  Mach 
reflection  from  a  rigid  wedge  is  analyzed.  An  expression  for  the  reflection 
coefficient  is  derived,  and  the  regular  reflection  is  compared  with  the 
Mach  reflection  (in  a  triple  point  at  a  certain  distance  from  the  wall 
where  the  incident,  reflected,  and  Mach  waves  intersect). 

A  simultaneous  solution  of  systems  of  hydrodynamic  equations  (con¬ 
servation  of  mass,  momentum,  and  energy),  and  equations  of  state  and  relax¬ 
ation  is  used  in  determining  the  distribution  of  vibrational  energy  of  air 
molecules  N2  and  02  behind  a  normal  shock  wave  in  the  air  [2^3],  assuming 
that  there  is  an  equilibrium  distribution  of  energy  in  translator^  and  vi¬ 
bratory  degrees  of  freedor,  and  disregarding  the  dissociation ,  electron 
excitation,  and  ionization  processes.  In  discussing  tne  vibrational 
relaxation,  the  vibrational  energy  is  related  to  a  unit  of  mass  (one 
r  ie).  Results  of  amputation  for  snock-wave  velocities  corresponding 
to  M  •  5,  9,  and  20  are  discussed  and  illustrated  by  diagrams. 

A  supersonic  flow  of  a  chemically  reactive  inviscid  gas  with  rectilinear 
streamlines  behind  a  plane- front  oblique  shock  wave  is  discussed  in  [135]. 

A  system  of  equations  describing  the  flow,  equations  of  kinetics  with  Intital 
conditions,  the  equation  of  state,  and  relationships  between  density,  ve- 
lc''i  .,  and  enthalpy  of  the  gas  mixture  are  used  to  derive  expressions  for 
the  Iqcity  and  tenperature  variations  in  the  flow  direction  behind  che 
shoe:  In  terms  of  concentrations  of  the  mixture  corrponents.  The  cases 
when  the  flow  behind  the  shock  wave  Is  subsonic  or  supersonic  are  discussed, 
and  the  formulas  obtained  are  applied  to  determining  the  parameters  of  shock 
waves  i .  the  air. 
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5.  Miniirun-Drag  Bodies 

The  problem  of  determining  the  shape  of  annular  bodies  of  revolution 
with  minimum  wave  drag  on  the  outer  surfaoe  is  solved  in  the  framework  of 
the  linear  theory  in  [267].  A  sirrple  explicit  formula  for  a  mininun-drag 
body  Is  obtained  under  the  assumption  that  the  inner  and  outer  flows  past 
the  body  are  independent  of  each  other.  It  is  shown  that  the  drag  does  not 
vary  substantially  with  the  variation  of  geometric  parameters  of  the  body  (in 
a  reasonably  practical  range)  if  there  are  two  unchanged  Initial  cross 
sections  (e.g. ,  at  the  faces).  Therefore,  the  derived  drag  formula  can  be 
accepted  as  a  general  law  of  drag.  The  drag  coefficients  of  the  mar  part 
of  a  barrel-like  body  (tall  part  of  a  fuselage)  are  discussed,  and  numeri¬ 
cal  values  calculated  for  M  ■  2.0  and  3.0  are  shown  in  diagrams  for  bodies 
of  various  slenderness. 

The  problem  of  determining  the  shape  of  a  mlnlmuiwwave-drag  body  of 
revolution  is  also  given  in  [280]  by  using  a  variational  approach.  The 
solution  of  the  variational  minimum-drag  problems  Is  discussed  in  cases  of 
a  turbulent  flow  past  a  body  of  revolution  with  a  given  shock-wave  shape, 
and  past  a  plane  body. 

The  problem  of  desigiing  a  generatrix  for  a  body  of  revolution  having 
minimum  wave  drag  for  the  given  velocity  of  the  oncoming  flow  and  coordin¬ 
ates  of  two  points  on  the  generatrix  is  presented  in  [339].  Cases  when  there 
is  an  attached  oblique  shock  wave  are  discussed,  using  variational  methods. 
The  problem  is  a  degenerate  one  and  is  solved  by  moans  of  the  calculi®  of 
variations  for  a  particular  given  velocity  of  flow  aid  geometric  parameters. 
The  corrputed  drag  coefficients  for  various  coordinates  of  i Joints  on  the 
generatrix  and  Mach  numbers  up  to  M  •  5  are  fiven  in  a  table  and  are  illus¬ 
trated  by  diagrams. 

The  determination  of  the  shape  of  an  annular  mininun-drag  bocfy  in  a 
axisymretrical  hypersonic  gas  flow  is  discussed  in  [3^0],  under  the  condi¬ 
tion  that  the  pressure  must  be  non-negative  everywhere  on  the  surface.  The 
problem  is  discussed,  using  the  calculus  of  variations,  and  expressions 
are  derived  for  determining  the  drag  coefficient,  the  coordinates  of  two 
points  of  the  generatrix,  and  the  optimum  body  contour.  Results  of  numeri¬ 
cal  calculation  of  several  optimum  shapes  are  presented  In  a  table  end  in 
diagrams. 


An  attempt  to  formulate  and  solve  the  problem  of  determining  the  opti¬ 
mal  minimum-drag  shape  of  a  three-dimensional  slender  body  in  a  hypersonic 
gas  flow  is  presented  in  [218],  The  initial  expression  for  the  drag  coef¬ 
ficient  is  taken  in  such  a  form  that  the  optimum  shapes  of  the  meridional 
section  and  of  the  cross  section  of  the  body  can  be  determined  separately. 
The  first  problem  was  determined  long  ago,  so  only  the  optimum  cross -section 
shape  is  discussed.  A  variational  problem  is  formulated,  and  expressions 
for  determining  the  shape  parameters  and  the  drag  coefficient  Cx  are  de¬ 
rived.  The  optimum  cross  section  determined  is  star-shaped,  as  shorn  in 
Fig.  1,  and  the  variation  of  the  drag-coefficient  ratio  Cj/fe  with  the 
cross-section,  S/r° 2  is  plotted  in  a  diagram  (Fig.  2)  (C®  is  the  drag  coef¬ 
ficient  determined  for  an  equivalent  Newtonian  optimum  shape  of  a  body  of 


involution  wd  n  is  ths  mater  of  chines.)  The  results  obtained  oan  be 
used  in  dtfctmdnlng  the  ndnisum-dreg  shape  of  a  body  shown  in  Fig.  3. 


The  wave  drag  of  axially  asymmetrical  bodies  in  the  form  of  a  pyramid 
with  a  star-like  cross  section  is  discussed  In  [3193*  The  faces  of  the 
bocfy  have  the  shape  of  stream  surfaces  of  flows  behind  the  plane  shock 
waves  and  their  edges  correspond  to  the  lines  of  intersection  of  these 
shock  wavtfS.  Formulas  are  presented  for  determining  the  geometric  charac¬ 
teristics  of  these  bodies,  and  the  pressure  and  wave  drag  for  given  speech 
(each  Mach  number  is  associated  with  a  certain  shape).  In  a  diagram  the 
pressure  coefficients  (wave  drag)  of  pyramidal  bodies  and  of  equivalent 
circular  cones  are  compared.  The  problem  discussed  in  [3193  is  developed 
further  in  [110].  As  exact  solutions  for  the  configuration  of  lift-pro¬ 
ducing  bodies,  the  cutouts  from. stream  surfaces  of  flows  behind  one  attached 
plane  shock  wave,  and  behind  two  intersecting  plane  shock  waves  are  used. 
Because  the  pressure  on  such  surfaces  is  constant  and  equal  to  the  pres¬ 
sure  on  a  plate  behind  a  plane  shock  wave,  the  problem  of  determining  the 
pressure  and  lift  on  a  plate  in  a  hypersonic  flow  is  discussed  in  the  first 
part  of  the  article.  In  the  second  part,  the  exact  solutions  are  given 
for  a  V-shaped  wing  (Fig.  4)  formed  by  two  intersecting  planes  (in  the  case 
of  one  shock  wave),  and  a  pyramidal  body  (Fig.  5)  with  a  V-shaped  cross 


1  -  Leading  edge;  2  -  inter¬ 
section  edge;  3  -  undisturbed- 
flov  velocity  vector. 


Fig.  5. 


1  -  Intersection  edge  of  the 
body;  2  -  body  faces;  3  -  wing 
faces;  U  -  wing  leading  edges; 

5  -  wing  trailing  edges;  6  -  base, 
parallel  section;  7  -  undisturbed 
flow  velocity  vector. 


section  (in  the  case  of  two  shock  waves).  Both  bodies  have  a  delta  shape 
with  leading  edges  running  along  shock-wave  boundaries.  Formulas  for  the 
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lift  and  drag  coefficient!!  are  derived  and  the  interdependences  between  the 
geometry,  lift  and  dreg,  and  shock-wave  parameters  are  dUcueeed  and  Illus¬ 
trated  with  a  nunfcer  of  diagrams.  The  wave  drag  (the  eurfao©  pressure)  of 
bodies  with  two  plane  shoot  waves  can  be  Infinitely  reduced  by  a  proper 
selection  of  their  shape,  thus  Risking  the  *hole  dreg  significantly  smaller 
than  that  of  a  wedge;  the  comparison  of  the  drag  of  proposed  shapes  with 
that  of  a  wedge  at  altitudes  of  35,  ^5,  and  55  and  K  *  6  la  presented 
graphically  and  is  discussed. 

The  problem  of  determining  an  optimum  surface  of  a  body  in  a  gas  fleer 
which  should  either  have  minimum  drag  or  maximum  ability  to  dissipate  the 
heat  (i.e. ,  the  amount  of  heat  transferred  in  a  unit  of  time  through  the 
body  surface  must  be  a  minimum)  la  considered  In  [211).  The  gas  motion 
satisfies  the  Navier-Stokes  equations  of  continuity,  energy,  and  state. 

The  amount  of  heat  absorbed  by  the  body  surface  In  a  unit  of  time  or  the 
drag  of  the  body  Is  expressed  In  a  general-form  surface  Integral  which 
contains  heat-transfer  functions  depending  on  the  shape  of  ths  body  sur¬ 
face.  Isoperlmetric  constraints  (e.g. ,  concerning  the  volume  of  the  body, 
lift  or  moment  of  the  wing)  containing  the  same  functions  on  the  body  sur¬ 
face  are  Introduced,  and  a  variational  problem  of  finding  the  equation  of 
the  surface  minimizing  the  surface  integral  Is  formulated  and  solved  for 
both  the  heat-transfer  and  mlnlnuro-drsg  problems ,  A  system  of  equations 
for  determining  the  shape  of  a  minimum-drag  airfoil  of  a  given  cross-section 
area  Is  derived,  and  its  solution  by  successive  approximations  la  indicated. 

The  total  costs  (of  construction  and  operation)  are  generally  used  as 
the  criterion  of  optimality  of  aircraft  construction;  the  initial  total 
weight  can  be  sometimes  taken  as  an  optimality  criterion  because  the 
changes  in  this  weight  are  approximately  proportional  to  the  total  costs. 

The  latter  concept  of  the  optimality  criterion  is  used  in  determining  the 
optimum  geometry  of  aircraft  [395],  under  the  assumption  that  Its  flight 
and  tactical  characteristics,  and  the  useful  load  will  not  be  affected  by  a 
change  in  the  geometric  parameters  of  some  member;  In  other  words.  In  case 
of  such  a  change,  the  parameters  of  other  members  will  be  changed  In  such 
a  way  that  these  characteristics  would  be  maintained;  it  Is  also  assumed 
that  the  law  of  the  aircraft  motion  with  regard  to  the  power  cansunpfcion 
is  known.  Formulas  are  derived  for  determining  the  optimum  value  of  opti¬ 
mized  geometric  parameters  (dependent  on  or  Independent  of  each  other), 
and  also  of  other  parameters  to  which  the  weight  criterion  can  be  applied. 
The  optimum  wing  loading  for  a  given  flight  velocity  and  altitude,  and  the 
optimum  slenderness  ratio  of  the  nose  of  a  fuselage  (or  of  a  fairing)  are 
determined  as  illustrative  examples. 


6.  Experimental  Investigation  and  Equipment 

Only  a  tmi  articles  on  experimental  aerodynamics  are  Included  in  ttila 
report  because  the  oontent  of  works  in  this  field  ia  o3*ar  trm  the  anno¬ 
tated  bibliography.  A  different  approach  to  experimental  investigation  la 
used  In  C^J  where  the  gaa  flow  in  electric-discharge  devices  la  investi¬ 
gated,  and  formulae  for  its  parameters  and  the  range  of  application  of  the 
device  are  determined  mathematically.  The  dl&oharge  devioe  ocnalata  of  a 
rectilinear  oloaed  channel  of  constant  cross  auction  filled  with  gaa  In 
which  an  eleotrlo  discharge  la  produoed  at  one  end  by  electric  energy  cat- 
tinuauely  supplied;  a  colum  of  heated  £*s  la  formed  which  expanda  and  dla- 
plaoea  the  gaa  at  rest.  A  moving  plane  shock  wave  Is  formed,  followed  by  an 
Impenetrable  boundary  (a  piston)  separating  the  colum  of  heated  gas  from 
the  disturbed  gaa  which  passed  through  the  front  of  the  shock  wave.  The 
process  of  displacing  the  gaa  at  rest  by  the  piston  depends  on  the  Initial 
pressure  and  density  in  the  channel ,  and  the  ener^-eupply  pattern  given 
by  a  power  function  of  tine.  The  gas  which  passes  through  the  shock-wave 
front  la  assumed  to  be  perfect,  lnvlscid,  and  non-heat-conduct lng,  and  its 
motion  la  not  accompanied  by  any  physical  or  chemical  changes.  The  disturbed- 
gas  motion  between  the  shock  wave  and  the  piston  la  regarded  as  self-simi¬ 
lar.  Expressions  for  velocity,  density,  and  pressure  In  the  disturbed  re¬ 
gion  are  derived,  as  well  as  the  Mach  number  attainable  (up  to  M  •  33)  and 
the  duration  of  the  process. 

A  complete  description  of  the  supersonic  wind  tunnel  at  the  Traian 
Vula  Institute  of  Applied  Mechanics  is  given  with  an  accompanying  diagram 
and  photograph  in  [M»5],  The  parameters  of  the  flow  (up  to  M  ■  3.1)  are 
discussed,  Including  the  test  results  of  a  cone  and  a  sphere  at  M  ■  2  2, 
and  illustrated  with  photographs.  The  tests  for  determining  the  perfor¬ 
mance  of  the  compressor  station  are  discussed,  and  the  cross-section  area 
of  the  experimental  zone  of  the  tunnel  is  determined  as  a  function  of  the 
Mach  number.  The  arrangement  of  conpressors  for  a  larger  supersonic  wind 
tunnel  is  discussed,  and  accompanied  by  illustrative  diagrams  and  tables. 

‘  The  method  of  measuring  the  rate  of  shock-wave  propagation  In  a  shock 
tube  constructed  at  the  Institute  of  Applied  Mechanics  of  the  Acadeny  of 
Sciences,  Rumanian  People’s  Republic,  is  presented  in  [180].  The  time 
Interval  Is  measured  for  passage  of  the  wave  between  two  marks  placed  at  a 
certain  distance  from  each  other.  The  Instants  of  wave  passage  are  regis¬ 
tered  by  special  low-inertia  capacitance  transducers.  The  time  is  meas¬ 
ured  by  an  electronic  chronograph  specially  developed  for  this  purpose. 
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Group  Ft.  HIGH-SPEED  AERCfTHERMDDYNAMICS 

The  published  material  on  the  aerothermodynainic  problems  encountered 
in  the  study  of  high-speed  gas  flows  involving  thermal  radiation,  dissocia¬ 
tion,  ionisation,  recombination,  therrral -boundary-layer  and  shock-wave  for¬ 
mation  are  inseparably  linked  with  high-speed  aerodynamics  and  have  been 
reported  in  sections  2,  3,  and  4  of  group  A.  This  group  (B)  of  published 
materials  deals  with  aerodynamic  heating  of  flight  vehicles  and  vlth  various 
means  of  protection  against  such  heating. 

1.  Aerodynamic  Heating 

Aerodynamic  heating  is  the  main  source  of  heat  developed  during  entry 
of  a  flight  vehicle  from  orbital  or  space  flights  into  the  atmosphere.  The 
phenomenon  of  kinetic  heating  of  vehicle  structures  is  one  of  the  most 
widely  discussed  topics  in  the  Communist  World  scientific  technical  litera¬ 
ture  dealing  with  the  thermal  problems  encountered  in  high-speed  aircraft 
design.  Gas  flows  past  porous  surfaces  of  plates  and  bodies  with  boundary- 
layer  suction  or  injection  of  fluid  into  It,  heat  exchange  between  gas  and 
body,  heat  transfer  to  aircraft  structures,  and  determination  of  tempera¬ 
ture  fields  in  them  —  are  the  most  thoroughly  investigated  problems;  the 
more  characteristic  ones  will  be  reported.  The  basic  phenomenon  which  must 
be  examined  in  discussing  the  kinetic-heating  problem  is  the  akin  friction 
in  gas  flows.  Some  works  concerning  theoretical  skin-friction  analyses 
have  also  been  mentioned  in  group  A. 

A  formula  in  the  form  of  a  power  function  (obtained  by  interpolating 
experimental  data)  for  calculating  the  surface  friction  in  turbulent  flows 
over  a  wide  range  of  Fteynolds  and  Mach  numbers  and  tenperature  drops  is 
given  in  [569].  A  method  was  developed  for  direct  measurement  of  local 
values  of  surface  friction  on  a  flat  plate  in  a  supersonic  flow,  and  the 
measurements  were  carried  out  in  the  presence  of  intensive  heat  exchange 
between  the  flow  and  plate.  The  construction  of  a  surface-friction  pickup 
(for  recording  the  static  pressure)  is  described  and  possible  methodological 
inaccuracies  and  errors  in  measuring  are  discussed.  The  range  of  applica¬ 
bility  of  relationships  obtained,  the  influence  of  Reynolds  and  Mach  num¬ 
bers  on  the  skin-friction  coefficient,  and  comparisons  with  empirical 
values  obtained  by  other  authors  are  presented  in  diagrams. 

The  aerodynamic  heating  of  a  semi-infinite  thin  plate  of  finite  thick¬ 
ness  in  a  steady  flow  of  a  compressible  gas  with  Jump-wise  increasing  tem¬ 
perature  is  discussed  in  [556],  assuming  that  the  tenperature  of  the  plate 
is  the  same  as  that  of  the  gas  on  the  interface  between  the  laminar  bound¬ 
ary  layer  and  the  plate. 

The  dependence  of  the  tenperature  of  the  leading  edge  of  the  plate  on 
time,  with  consideration  of  heat  flow  through  the  edge,  is  Investigated  and 
exact  solutions  by  means  of  the  operational  calculus  are  obtained  for  the 
following  conditions  of  heat  flow  through  the  leading  edge:  1)  there  is 
no  heat  flow,  2)  the  edge  Is  artificially  heated,  and  3)  the  edge  is  arti¬ 
ficially  cooled. 


-  17  - 


The  leading  edge  of  a  wing  In  hypersonic  flow  can  be  ijeateu  up  to  tem¬ 
peratures  exceeding  the  melting  point  of  refractory  metals  (even  In  cases 
of  large  eweepback  angles),  thus  naming  cooling  necessary.  But,  if  the 
duration  of  such  flights  Is  short  (for  exairple,  in  quick  entry  and  escape 
fro©  dense  layers  of  the  atmosphere),  a  certain  amount  of  damage  to  the 
surface  can  oe  tolerated.  In  this  case.  It  Is  very  Important  to  know  the 
rate  of  this  thermal  disintegration.  In  [660]  such  failure  of  the  leading 
ed»  of  a  awept-baok  wing  In  a  steady  hypersonic  gas  flow,  with  evaporation 
of  the  material  taken  Into  account,  is  discussed.  The  solution  of  the 
problem  is  reduced  to  the  simultaneous  solution  of  a  system  of  nonstation- 
ary  (due  to  considering  the  advancing  melting  surface)  equations  of  the 
boundary  layer  on  the  molten-material  film;'  and  of  heat- conductivity  equa¬ 
tions  of  the  solid  remainder.  Two  cases  are  discussed  in  detail:  1)  The 
material  of  the  wing  has  a  certain  melting  temperature  and  a  number  of  trans¬ 
formation  tenperatures  at  which  heat  absorption  takes  place  (me tala  and 
sane  ceramic  materials  disintegrate  in  this  way);  and  2)  the  material  does 
not  have  a  clearly  marked  melting  temperature,  the  viscosity  of  the  melt 
being  a  power  function  of  the  tenperature  (this  is  a  disintegration  pat¬ 
tern  for  various  glasses).  The  behavior  of  both  types  of  wing  material  is 
analysed  In  respect  to  the  formation  of  surfaces  of  evaporation,  melting, 
and  of  transformations ,  and  their  propagation.  Expressions  are  derived  fox* 
the  parameters  of  the  ablation  process  and  for  the  rate  of  disintegration. 

The  interaction  (friction,  heat  transfer)  between  the  gas  flows  and 
bodies  an  whose  surface  emission  or  absorption  of  a  fluid  takes  place  in  a 
natural  (for  exanple,  evaporation  or  condensation)  or  an  artificial 
(suction  or  injection)  way  is  often  discussed  in  the  Soviet  technical 
literature.  The  effect  of  such  artificial  means  on  the  heat  and  mass  ex¬ 
change  in  a  turbulent  boundary  layer  is  analyzed  in  [562]  where  a  fluid 
is  injected  into  or  a  gas  is  sucked  from  the  gas  flow  through  the  porous 
surf&oe  of  a  plate.  A  turbulent  boundary  layer  is  formed  at  the  leading 
edge  of  the  plate.  An  expression  which  connects  the  local  skin  friction 
coefficient  with  the  suction  or  injection  parameter  is  derived  and  Its 
approximate  solution  is  given.  The  results  of  a  quantitive  analysis 
conducted  an  the  basis  of  the  proposed  theory  are  compared  with  experi¬ 
mental  data  obtained  by  other  authors  in  diagrams  which  show  fairly  good 
agreement. 

In  many  investigations  of  the  effect  of  gas  injection  into  gas  flows 
past  bodies,  the  variation  of  pressure  in  the  direction  of  flow  is  not 
taken  into  account.  Reference  [225]  gives  the  results  of  an  experimental 
investigation  of  the  influence  of  gas  injection  into  a  turbulent  boundary 
layer  through  a  porous  plate  cn  the  dynamic  characteristics  of  the  turbu¬ 
lent  boundary  layer.  The  plate  was  placed  in  a  hot-air  flow  with  accel¬ 
erating  and  adverse  longitudinal  pressure  gradients.  Gases  of  different 
molecular  weight  (air,  carbon  dioxide,  and  Freon -12)  were  injected. 

The  following  quantities  were  measured  in  the  direction  of  flow  (at  Rey¬ 
nolds  numbers  from  105  to  5  x  105):  dynamic  and  static  pressures,  tem¬ 
peratures  of  the  injected  gas,  tenperatures  of  the  gas  in  the  flow 
(450  to  550°K)  and  tenperatures  of  tne  plate  (375  to  420°K).  The  appa¬ 
ratus  and  tne  technique  used  are  described.  The  effect  of  the  physical 
properties  and  of  the  amounts  of  injected  gases  (at  a  certain  pressure 
gradient)  on  the  friction  was  established  for  various  tenperatures  and 


-  18  - 


plotted  In  diagrams.  The  data  obtained  In  processing  the  results  were 
generalized  and  used  in  integrating  the  equation  of  motion.  The  proce¬ 
dure  developed  here  for  calculating  the  parameters  of  a  boundary  layer 
with  a  longitudinal  pressure  gradient  is  outlined  point -by -point  and  is 
recommended  for  usage. 

In  previously  mentioned  works,  the  gases  injected  into  the  ooundary 
layer  were  inert  in  respect  to  gases  flowing  past  the  porous  surfaces. 

The  case  when  the  injected  gas  reacts  chemically  with  the  gas  of  the 
basic  flow  is  of  more  practical  interest.  In  reference  [*190],  the  friction 
and  heat  exchange  in  the  turbulent  boundary  layer  of  a  compressible  gas 
flow  are  investigated  when  there  are  chemical  reactions  caused  by  In¬ 
jection  of  a  chemically  active  fluid.  It  is  assumed  that  the  chemical 
reactions  are  instantaneous  as  oonpared  with  the  rate  of  diffusion,  wnlch 
means  that  the  temperature  in  the  boundary  layer  is  hi#i  and  the  tnioknesn 
of  the  chemical-reaction  layer  is  an  infinitely  thin  surface  as  compared 
with  the  thickness  of  the  boundary  layer.  The  laminar  and  turbulent 
Prsndtl  and  Lewis  numbers  are  taken  to  be  equal  to  unity.  When  calcu¬ 
lating  the  characteristics  of  the  boundary  layer  by  the  method  used  nere, 
it  is  sufficient  to  know  tl>e  distribution  of  concentrations,  tenperatures, 
and  velocities  only  in  the  direction  of  flew.  Expressions  axe  derived  for 
calculating  the  density  distrloutioon,  friction,  the  density  of  the  gas 
mixture,  and  the  heat  flow  into  the  plate. 

A  similar  case  of  porous  cooling,  vixen  one  side  of  a  porous  plate 
is  aerodynamlcally  heated  and  its  other  side  is  exposed  to  a  chemically 
active  cooling  fluiu  under  pressure  is  discussed  [560],  Cooling  is 
achieved  here  by  evaporation  with  chemical  reactions,  heating  of  the  coola*. 
in  the  pores,  aid  heat  transmission  from  the  gas  flow  to  the  coolant.  A 
method  of  filtration  theory  is  applied  in  this  investigation,  assuming 
that  the  tenperatures  and  pressures  on  both  sides  of  the  plate  are  const  an 
and  that  no  evaporation  takes  plaoe  Inside  the  plate.  Expressions  are  de¬ 
rived  for  the  heat  flow,  diffusion  flow,  also  for  the  coolant  pressure 
required  to  maintain  its  flow  througi  the  plate,  and  the  relationships 
between  the  crlterlonal  parameters  of  the  gas  in  the  flow,  of  the  coolant,, 
and  the  characteristics  of  the  porous  plate. 

Approximate  methods  of  determining  the  tenperature  distribution  in 
flight-vehicle  structures  caused  by  aerocfynamLc  heating  have  the  advan¬ 
tage  of  simplicity  in  practical  de  si  going.  The  hi^i  surface  tenperatures 
and  relatively  low  heat  emission  coefficient  noted  in  flews  at  hi$o 
altitudes  and  large  Mach  numbers  make  thermal  radiation  an  important  facte 
which  can  not  be  neglected.  In  [5^6],  the  nonsteady  tenperature  fields 
in  the  vehicle  structure  are  analyzed,  with  thermal  radiation  taken  into 
account,  and  a  convenient  method  for  practical  calculations  is  presented. 
The  method  consists  in  approximate  solution  of  the  heat  conductivity 
equation  with  initial  and  boundary  conditions  by  the  method  of  finite 
differences.  The  flight  is  divided  into  time  intervals  at  and  the  struc¬ 
ture  into  small  finite  parallelepipeds  whose  middle  points  are  dealt  with. 
The  following  assumptions  are  made:  1)  the  tenperature  gradient  between 
points  changes  linearly  with  time;  2)  the  increase  in  the  heat  content 
of  a  "point"  (parallelepiped)  is  proportional  to  its  tenperature  increase; 
3)  the  physical  constants  of  the  materials  are  independent  of  the  tem¬ 
perature;  and  A)  the  adiabatic  tenperature  of  the  wall,  the  heat  emission 
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coefficient,  and  the  surfaoe  tenpe nature  are  linear  functions  of  time. 

A  system  of  linear  algebraic  heat-balance  equations  for  every  "point" 

In  the  surfaoe  layer  and  Inside  the  body  is  derived  (the  number  of  equations 
is  equal  to  the  muter  of  "points")  from  which  the  variation  with  tine  of 
the  heat  emission  coefficient,  the  tenperature  distribution  over  cross 
sections,  and  Its  variation  with  time  on  the  surfaoe  can  be  calculated. 

The  estimation  of  errors  and  their  dependence  on  At  Is  discussed.  The 
tenperature  distribution  and  variation  in  an  aircraft  during  a  90 -second 
accelerated  flight  from  M  -  2  to  M  ■  10  at  an  altitude  of  15,000  m  are 
calculated,  and  the  results  are  presented  in  diagrams. 


2.  Protection  Against  Aerodynamic  Heating 

The  protection  of  flight  vehicle  structures,  equipment,  and  crew 
against  the  consequences  of  aerodynamic  heating  by  selection  of  proper 
Insulating  materials,  arrangement  of  cooling,  and  use  of  ablation  shield¬ 
ing  seems  to  attract  more  attention  from  Soviet  scientists  woricing  on 
aerothermodynamLc  problems  than  kinetic  heating  Itself.  The  Injection  of 
liquid  into  the  boindary  layer  (mentioned  in  the  preceding  subsection  1) 
can  be  used  for  cooling  In  cases  of  moderate  kinetic  heating.  In  cases 
of  high  velocity,  as  in  atmospheric  entry,  ablation  shielding,  the  most 
effective  method  of  dissipating  kinetic  heat,  is  widely  discussed  In  the 
Soviet  literature  concerned  with  the  thermal  protection  of  flight  vehicles. 

The  basic  conditions  for  any  tipe  of  effective  thermal  protection 
are  proper  Insulation  of  the  vehicle  skin  and  designing  those  shapes  of 
vehicle  wnich  will  ensure  minimum  heat  transfer  from  the  boundary  layer 
into  Its  structure. 


One  of  the  solutions  of  the 
skin  -ins  ui  at  ion  problem  Is  the 
three-layer  skin  construction. 

The  outer  surface  of  the  metallic 
skin  Is  usually  covered  by  a  heat 
resistant  (for  exanple,  ceramic) 
layer  and  inner  surface  by  a 
layer  of  fiberglass  material. 

Heat  transfer  through  such  a 
plate,  with  a  flow  of  hot  gas  on 
its  outer  surface,  is  discussed 
In  [5^7],  under  the  assumptions 
that  the  plate  is  Infinite 
(the  problem  is  cxie -dimensional) 
and  the  skin  Is  thin  (the  tem¬ 
perature  is  constant  along  its 
tnlckness.  Fig.  6),  all  heat 
from  the  boundary  layer  on  the 
outer  surface  is  used  for  heating  the  plate,  the  inner  surface  Is  heat- 
insulated,  and  the  thermophysical  characteristics  of  all  materials  are 
constant.  An  operational  method  (using  the  Laplaoe  transform)  Is  applied 
to  determine  the  tenperature  distribution  In  Insulating  layers  (linear 
In  the  outer  layer  and  weakly  nonlinear  In  the  inner  layer)  for  the  given 
tenperature  of  the  gas  In  the  flow. 

The  problem  of  thermal  protection  by  designing  that  shape  of  a  boty 
In  a  hot  gas  flow  which  will  ensure  minimum  heat  transfer  Into  the  struc¬ 
ture  of  the  body  is  discussed  [506],  where  that  form  of  a  thin  airfoil  Is 
sought  which  will  have  a  mlnlnum  mean  heat  transfer  coefficient  for  a  given 
lift,  assuming  that  the  upper  and  lower  surfaoes  of  the  wing  are  ther¬ 
mally  Insulated  and  that  the  boundary  layer  Is  either  laminar  or  turbulent, 
not  mixed.  The  problem  Is  reduced  to  solving  the  isoperlmetrlc  variational 
problem  of  determining  that  function  describing  the  shape  of  the  airfoil 
camber  which  will  minimize  the  heat-transter  functional  for  a  given  value 
of  the  lift  functional.  The  method  of  Lagrange  multipliers  is  used  In 
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solving  the  problem,  and  results  of  calculations  in  cases  of  a  laminar 
and  turbulent  boundary  layers  are  obtained  which  show  the  essential 
effect  of  the  temperature  on  the  heat-transfer  coefficient  and  the  weak 
effect  of  the  temperature  on  the  optimum  shape  of  the  airfoil . 

Ablation  shielding  is  the  most  effective  means  of  protecting  the 
crew  and  instruments  against  the  heat  developed  during  entry  of  space 
vehicles  Into  the  dense  layers  of  the  earth's  atmosphere.  Steacfy  ablation 
is  of  special  interest.  Its  fundamental  problem  —  that  of  determining 
the  oonstant  rate  of  melting  of  a  semi-infinite  body  heated  by  a  constant 
heat  flow  on  the  boundary  under  arbitrary  initial  conditions  is  discussed 
in  [615].  It  is  assured  that  the  molten  materials  are  immediately  re¬ 
moved,  thus  the  thin  molten  film  does  not  affect  the  melting  process. 

The  problem  is  solved  by  analyzing  the  flow  of  a  hi  ©i-tenpe nature  gas  near 
the  stagnation  point  of  a  blunt  body  having  a  melting  temperature  lower 
than  the  stagnation  temperature.  The  equations  of  heat  conductivity  and  of 
the  xml  equilibrium,  with  initial  conditions  are  solved  by  the  L.  I. 
Rubinstein  method  (Akadeniya  nauk  SSSR  Doklady,  v.  58,  no.  2,  1947,  and 
Izvestlya  vysahlkh  uchebnykh  zavedeniy.  Mate  mat  lk  a,  no.  4,  1958),  and  a 
system  of  Integral  equations  is  obtained;  from  the  asynptotlc  solution 
of  this  system,  expressions  are  derived  for  determining  the  rate  of 
melting  and  the  prooess  of  heat  transfer  into  the  solid  remainder  of  the 
body,  lhe  effect  of  a  sudden  change  in  the  intensity  of  heat  flew  on  the 
melting  rate  and  heat  transfer  are  analyzed,  and  the  course  of  the  melting 
process  in  the  case  when  the  heat  flow  varies  arbitrarily  with  time  is 
discussed. 

When  an  axisyrmetrlcal  solid  body  begins  to  melt  in  a  steady  flow  of 
a  gas,  then,  under  certain  conditions  (for  exairple,  when  the  heat -conductiv¬ 
ity  coefficient  of  the  material  of  the  body  is  higi) ,  a  stationary  pro¬ 
cess  of  ablation  will  take  place  and  the  melting  front  in  the  vicinity 
of  the  stagnation  point  advances  at  a  constant  rate. 

The  steady  ablation  prooess  is  discussed  in  [596]  in  a  general 
form,  and  an  exact  simultaneous  solution  is  obtained  for  the  unsteady 
Navier-Stokes  equations  and  the  equations  of  the  heat  inflow  (without 
dissipation)  with  proper  boundary  conditions.  The  steady  regime  of  ablation 
at  the  stagnation  point  of  a  semi -infinite  body  in  a  plane  and  in  axi- 
synnetrlc  flows  of  an  inoonpressible  fluid  is  discussed.  The  rotation 
of  the  solid  about  the  flow  axis  is  taken  into  account  in  the  latter  type 
of  flow.  Systems  of  nonlinear  ordinary  differential  equations  from  which 
single-valued  solutions  can  be  obtained  are  derived  in  both  cases.  The 
possibility  of  extending  these  solutions  to  a  coqpressible  gas  flow  with 
variable  coefficients  of  visoosity  and  thermal  conductivity  of  the  gas 
and  of  the  liquid  phase  of  the  body  material  is  mentioned. 

Soviet  authors  devote  considerable  attention  to  the  ablation  of 
material  from  the  surface  of  a  body  in  radiating  gas  flow  behind  a  shock 
wave.  The  solution  of  the  thermal  radiation  problem  for  the  boundary 
layer  in  the  vicinity  of  the  stagnation  point  of  a  blunt-nosed  body  is 
presented  in  [614].  The  convective  and  radiative  conponents  of  the  heat 
flow  are  considered  and  the  effects  of  their  variation  on  the  ablation  rates, 
tenperatures ,  and  heat  transfer  to  the  body  are  examined;  formulas  for 
calculating  these  parameters  are  given. 
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The  ablation  process  of  a  blurt  booty  at  the  stagflation  point  (an 
axisymnetrlc  problem)  and  along  the  st agnation  line  (a  plane  problem) 
in  a  dissociated  air  flow  is  investigated  in  [6073*  taking  account  of  the 
evaporation  of  the  molten-material  film  end  the  presence  of  an  arbitrary 
number  of  endothermic  "fronts »"  for  exanple,  sublimation,  melting,  etc., 
where  absorption  of  heat  can  take  place.  Metals  and  some  ceramic  materials 
disintegrate  in  this  way.  Heat  transfer  in  the  solid  phase,  the  rate  of 
disintegration  with  an  without  evaporation  are  discussed,  and  the  most 
typical  cases  of  thermal  failure,  at  low  and  at  high  stagnation  tenperatures, 
are  analyzed  in  detail.  At  low  tenperatures,  dissociation  of  the  air  is 
neglected  and  the  boundary  layer  is  treated  as  a  binary  mixture  of  the 
bodty -material  vapor  with  air;  at  high  stagnation  tenperatures,  dissoci¬ 
ation  camot  be  disregarded,  aid  the  boundary  layer  is  handled  as  a  three- 
oonponept  mixture  of  atoms  of  air  molecules  and  particles  of  the  body 
material.  Expressions  for  determining  the  rate  of  ablation  are  derived 
In  both  cases.  The  solution  obtained  is  generalized  to  the  following 
cases:  when  there  are  heterogeneous  chemical  reactions  between  the  dis¬ 
sociated  air  and  evaporation  products,  and  when  boiling  occurs  in  the 
melting  zone  with  infinitely  strong  heat  flows  from  the  gas. 

An  exact  solution  of  the  problem  of  equilibrium  and  nonequilibrium 
sublimation  of  a  blunt  body  at  the  stagnation  point  is  presented  in  [6l03» 
assuming  arbitrary  dependence  of  the  physical  properties  of  the  body 
material  on  time,  and  disregarding  the  effects  of  dissociation  and  thermal 
radiation  in  the  gas  flow.  The  variation  of  coefficients  (of  viscosity, 
heat  conductivity,  diffusion)  in  molecular  transfer,  aid  of  criteria 
(the  Prandtl,  Lewis,  and  Schmidt  n unbars)  under  given  conditions  is  dis¬ 
cussed;  the  boundary  problem  is  formulated,  its  numerical  solution  for 
the  Prandtl  number  Fr  -  0.7  and  Schmidt  nunber  Sc  *  1.0  is  presented, 
and  the  results  are  given  in  tables;  a  solution  of  the  problem  is  de¬ 
rived  for  arbitrary  Prandtl  and  Schmidt  numbers.  A  necessary  and  suf¬ 
ficient  condition  for  boiling  on  the  sublimation  front  is  obtained,  and 
expressions  for  the  rate  of  sublimation  are  derived  in  closed  form.  The 
tenperature  profile  in  the  solid  is  determined  in  quadratures.  It  is 
shown  that  the  solution  of  any  particular  problem  of  sublimation  can  be 
reduced  under  these  conditions  to  a  solution  of  three  equations  to  de¬ 
termine  the  concentration  of  gaseous  products,  the  temperature  of  evapo¬ 
ration,  and  the  rate  of  sublimation. 

An  approximate  method  of  determining  the  law  which  governs  the 
advance  of  the  ablation,  front  of  centrally  sy  rime  trie  bodies  in  a  variable 
heat  flow  is  presented  in  [617].  A  general  qualitative  result  In  the 
form  of  a  differential  equation  is  obtained  first .  Its  solution  is  re¬ 
duced  to  determining  the  ablation  by  only  one  criterion  y,  not  depending 
directly  on  the  melting  point.  An  approximate  analytical  solution  for  a 
plane  wall  and  a  constant  heat  flow  is  obtained  from  the  basic  "qualita¬ 
tive"  equation  which  is  reduced  to  a  linear  second-order  equation  that  is 
solved,  in  turn,  in  terms  of  Bessel  functions  of  an  imaginary  argument; 
the  final  solution  Is  obtained  in  parametric  form.  The  high  degree  of 
approximation  of  this  solution  is  demonstrated  in  a  graph  where  the 
curves  obtained  for  various  values  of  u  are  cotip ared  with  those  plotted 
according  to  numerical  calculation  data  of  this  particular  case  (of  a 
plane  wall  in  a  constant  heat  flow)  obtained  by  a  method  of  finite 
rt  fferenoes. 
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A  very  important  Inverse  problem  of  aerodynamic  heating  —  that  of 
determining  In  m  analytical  way  the  rate  of  advanoe  of  the  melting  front 
and  the  heat  transfer  into  a  boty  by  using  the  data  on  the  variation  of 
the  temperature  with  tin  at  eon  point  inside  the  boty  —  la  discussed 
In  C^13 j.  An  approximate  solution  of  this  ablation  problem  la  obtained 
fbr  in  Infinite  plate  In  a  ndlum  with  a  tei^e nature  higmr  than  the 
malting  point  of  the  plata  material.  In  the  presence  of  phyaloo chemical 
transformations  on  the  surface  of  the  heat  exchan^,  assuring  a  uniform 
distribution  of  the  -Initial  tenperature  In  the  plate.  The  concept  of  the 
melting  front  la  replaced  by  the  oonoapt  of  a  ourfaoe  at  a  certain  tem¬ 
perature  (of  phase  change  or  of  disintegration)  In  the  plate  with  coeffi¬ 
cients  of  thermal  conductivity  and  dlffuslvlty  changing  in  the  same  way  as 
In  the  solid  rsmslnder  of  the  body.  Changes  In  the  boundary  conditions  ere 
divided'  Into  a  number  of  time  intervals  such  that  the  heat  flow  oan  be  con¬ 
sidered  constant  In  each  Interval;  the  thenmphyslcal  characteristics  are 
assumed  to  change,  step-wise  when  switching  from  one  Interval  to  another. 

Postal'1  b  are  derived  fbr  determining  the  rate  of  advanoe  of  the 
phase-chin^  front  from  the  data  on  the  tenperature  variation  in  a  cross 
section  of  the  plate,  and  fbr  determining  then  the  tenperature  variation 
over  the  thickness  of  the  plate  from  the  rate  of  advanoe  of  the  phase- 
change  front  and  eeeodeted  tenperature  of  the  phase-change.  The  effect 
of  the  step-wise  treatment  on  the  accuracy  of  the  solution  Is  analysed 
In  the  came  when  the  variation  of  boundary  conditions  is  linear,  and  It  la 
shown  that  the  error  In  this  case  Is  directly  proportional  to  the  rate  of 
variation  1 r  heat  "low  and  to  the  thickness  of  the  plate;  it  also  depends 
on  the  of  u*a  time  Intervals  and  on  the  plate  material.  Satisfactory 

agreement  Is  fbund  between  the  results  of  analytical  calculations  by  this 
method  and  empirical  data  obtained  from  heat-exchange  experiments  In¬ 
volving  the  melting  of  a  plate  surface  by  electron-beam  bombarctnent  in  an 
electric  calorlme4'  with  a  known  heat  flow. 
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3.  Experimental  Studies 


The  experimental  approach  to  the  solution  of  ablation  problems  is 
very  important  because  in  some  cases  it  yields  the  needed  Information  more 
quickly  and  effectively  than  an  analytical  solution;  very  often  the  empir¬ 
ical  results,  formulas,  and  especially,  the  coefficients  of  the  prooesa 
are  used  in  analytical  Instigations ,  to  sa&  nothing  of  the  aiffiiflcanoe 
of  the  experimental  verification  of  theoretical  studies.  Publication  of 
some  typical  methods  of  experimental  Investigations  is  reported  here. 

The  oxidation  of  metals  and  alloys  in  air  flows  at  high  velocities 
and  tenperatures  witn  subsequent  disintegration  through  corrosion,  erosion, 
and  burning  of  the  material  of  the  specimen  is  investigated  experimentally 
in  [618].  An  installation  consisting  of  a  w*nd  tunnel  and  a  heating  unit 
has  been  designed  specially  fOr  this  purpose  (Fig.  7),  and  the  technique 
of  operation  has  been  developed.  The  Installation,  specimens,  and  the 
methods  of  measuring  and  evaluating  the  disintegration  and  flow  parameters 
are  described  in  detail,  and  the  dependence  of  the  rate  of  disintegration 
on  the  flow  velocity  (up  to  M  »  3),  the  angle  of  attack  (up  to  90°jT,  the 
tenperature  (up  to  1473°K) ,  and  the  duration  of  exposure  to  the  air  flow 
(up  to  2  minutes)  IS  shown  In  diagrams  for  Armoo  iron  and  for  iron -base 
and  nickel-base  alloys.  The  heat  resistance  of  these  materials,  and  the 
conditions  under  which  they  bum  are  discussed. 


Fig.  7.  Schematic  diagram 

1  -  Compressor  station;  2  -  nosxla  chamber;  3  -  alactrlc 
hasting;  4  -  wind-tunnel  taat  chamber;  5  -  specimen; 

6  -  area  used  for  calculations. 
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Whan  a  thin  film  of  molten  ratal  rove-  on  the  surfaoe  of  a  body  in 
a  high-speed  air  flow,  waves  are  formed  on  the  film  and  this  so-called 
"liquid  roughness"  increase*  the  turbulence  in  the  boundary  layer,  and 
thus,  the  Meat  exahanga.  fn  experinmtal  stud/  [6 12]  was  carried  out  in 
order  to  obtain  a  qualitative  and  quantitative  evaluation  of  the  effect 
of  this  film  on  heat  transfer*  A  hollow  gleea-relnfbroed  textolite 
cylinder  16  mn  in  diameter  with  a  flat  front  face  was  placed  in  a  super¬ 
sonic  flow.  A  film  of  molten  tin  o;*  the  surfaoe  of  the  front  faoe  of  the 
cylinder  was  produced  in  two  wgyr :  by  kinetic  melting  of  a  tin  rod  (4  or 
8  ran  in  diameter)  protruding  :  .to  2  ran  and  axially  movable  through  a 
central  hole  in  the  fUoe,  or  by  forcing  molten  tin  through  a  porous 
chromium  plug  Inserted  m  the  same  hole.  The  experiments  were  conducted 
at  a  stagnation  tesipe return  of  5&)9r!  and  Maoh  nunbers  1.8,  2.3,  and  2*7* 

The  two  aatipa  of  the  experJuunt,  the  equipr*nt  used,  and  the  measurement 
technique  applied  are  described,  lhe  rates  at  which  the  rod  melted,  the 
oansueptlcn  of  molten  metal,  the  heat -transfer  coefficient,  and  the  tem¬ 
peratures  are  given  in  tables  and  diagram*  for  various  parameter  of  the 
oneoodng  flow,  and  their  interrelation  is  discussed. 

Qualitative  information  on  the  melting  behavior  of  bodies  of  oertain 
shapes  in  supersonic  (Iowa  con  be  obtained  experimentally  by  using  speci¬ 
mens  made  of  fusible  ratals.  Nbdels  made  of  Wood's  alloy  are  used  for 
this  purpose  [593*  lhe  low  melting  point  of  Wood's  alloy  made  it  possible 
to  oarry  out  experiments  in  flows  with  relatively  low  stagnation  temperatures 
(about  88  to  89°C)  j  the  flow  velocity  was  M  ■  1.7.  lhe  test  speclrons  were 
cones  with  bases  6  to  7  ran  in  diameter  and  apex  angles  Treasuring  10,  20,  30, 
and  50° .  lhe  melting  process  was  observed  and  photographed  by  a  IAB-451 
apparatus.  A  device  (klmograph)  especially  designed  for  the  purpose  was 
used  for  the  time-related  recording  of  the  melting  process.  Two  photo¬ 
graphs  of  the  disintegration  of  specimens  are  shown  (Fig.  8  and  Fig.  9). 


Fig*  8.  Melting  of  •  cone  with  e  10* 
apex  angle  nt  88«8*C  and  M  ■  1,7* 


The  execution  of  experiments  Is  described  and  the  results  obtained  are 
discussed;  the  constant  rate  of  melting  (the  decrease  ah  of  the  cone 
length  h  with  time)  for  various  apex  angles  a  is  shown  in  a  diagram 
(Fig.  10'  as  a  function  of  time  t. 


Fig.  9.  Halting  of  •  cone  with  e  20* 
apex  angle  at  8M*G  and  M  ■  1.7, 


An  experimental  investigation  of  the  rate  of  melting  of  small 
cylinders  and  cones  made  of  lead  and  of  aluminum  in  a  hot  supersonic  gas 
flow  is  described  in  [589].  The  gas  flow  was  obtained  by  means  of  a 
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Fig.  10.  Rata  of  cono 
molting 

1  -  Cono  with  a  ■  10* { 

2  -  a  -  20*i  3  -  a  -  30*. 
4  -  a  ■  50*. 


combustion  chamber  with  a  Laval  nozzle;  three  types  of  specimens  were 
used:  1)  specimens  for  determining  the  rate  of  melting,  the  changes  In 
their  shape,  and  the  supersonic  flow  patterns;  they  are  solid  lead  and 
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aluminum  cylinder*  mid  oones  with  10,  20,  and  30°  apex  aiglet;  2)  lead 
Specimens  with  protective  nosea  made  of  material!  that  melt  at  high 
temperatures  ibr  testing  the  effbet  of  the  nose  on  the  melting  process; 
aid  3)  spedmais  with  an  axial  ohamel  through  which  oooled  air  it  blown 
against  the  hot-gsa  flow  to  that  a  screen  of  oold  air  with  a  pressure 
higher  than  that  behind  the  shook  wave  la  formed  around  the  spcclrran; 
the  effeotiveneee  of  this  method  of  protection  against  melting  was  In¬ 
vestigated.  lhe  velocity  range  of  the  Jet  (30  mn  In  diameter)  was 
M  •  1.0  to  2.7,  Its  temperature  range  —  from  500  to  1000°C;  the  duration 
of  operation  wee  from  8  to  17  minutes,  depending  on  the  pressure  end 
tenperature  In  the  coetustlcn  chatter.  The  arrangement  of  the  unit  and 
the  epe olitens,  the  methods  applied  In  measuring,  recording,  and  evaluating 
the  obtained  experimental  data  are  described  and  explained;  the  results 
of  the  investigation  are  discussed  and  oonpared  In  diagram. 
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HIGH-SPEED  PLIGHT  MECHANICS 


Ho  publications  directly  concerning  the  mechanism  of  the 
atmospheric  entry  of  flight  vehicles  oould  be  found  in  Cora- 
munis EWorld  open  scientific  and  technical  literature.  Only 
articles  in  periodicals  on  topics  more  or  less  associated 
with  atmospheric-entry  dynamics  can  indicate  the  state  of 
research  development  in  this  field  and  show  the  means  which 
are  available  for  realization  of  new  ideas.  These  topics 
concern  the  orbital  and  transfer  motions  of  satellites, 
flights  of  winged  aircraft  at  very  high  altitudes,  gliding 
of  lifting  bodies  from  orbital  and  space  flights,  processes 
and  phenomena  associated  with  the  entry  into  dense  layers 
of  the  atmosphere  (thermal  radiation,  dissociation  of  mole¬ 
cules,  ionization  and  recombination  of  atoms),  space  vehicle 
control,  and  rocket  dynamics,  as  well  as  articles  concerning 
the  effect  of  environmental  conditions  in  space  (e.g.  gravi¬ 
tational  fields,  cosmic  radiation,  meteorite  hazards). 

1.  Motion  of  a  Variable-Mass  Point 

The  most  general  problem  of  space-flight  mechanics  is 
the  motion  of  a  mass  point  in  a  gravitational  field.  The 
solution  of  nonlinear  problems  of  motion  is  sometimes  simpli¬ 
fied  by  replacing  the  continuous  changes  in  parameters  (e.g. 
distance,  velocity,  density)  by  step-wise  ones,  by  dividing 
the  given  range  into  sections  in  which  the  variable  param¬ 
eter  under  discussion  can  be  regarded  as  a  constant,  or  by 
confining  the  analysis  tc  only  one  such  step  properly  selected. 
An  approximate  solution  of  the  problem  of  motion  of  a  point 
of  variable  mass  in  a  homogeneous  central  gravitational  field 
given  in  [790]  is  baaed  on  an  assumption  that  the  motion  takes 
place  In  a  relatively  narrow  cylindrical  (or  spherical)  layer 
of  thickness  Ar  such  that  the  valu*  of  the  ratio  Ar/bm  (rm  - 
is  the  distance  from  the  center  of  gravity  to  the  middle  sur¬ 
face  of  the  layer)  is  so  small  that  it  can  be  neglected  if 
compared  with  unity,  in  other  words,  that  the  magnitude  of 
the  acceleration  of  gravity  in  this  layer  is  constant,  though 
of  variable  direction.  Such  a  field  is  called  a  homogeneous 
plane-parallel  field.  Differential  equations  approximately 
describing  the  motion  of  a  variable-mass  point  with  a  re¬ 
stricted  reactive  thrust  under  these  conditions  are  solved 
with  the  use  of  Pontryagln's  maximum  principle.  The  optimal 
programs  for  the  control  of  thrust  and  its  angle  of  inclination 
are  obtained  by  maximizing  the  corresponding  functional  and 
by  formulating  and  minimizing  the  Hamiltonian.  The  analysis 
of  these  programs  leads  to  the  establishing  of  five  regimes 
for  controlling  the  thrust  under  the  condition  that  the 
switching  funotion  «  t  0.  When  <  •  0  and  the  velocity  is 
constant,  only  a  special-purpose  control  is  possible. 
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The  random  thrust  deviations  oaused  by  the  errors  asso¬ 
ciated  with  the  realisation  of  an  established  optimum- thrust 
program  induce  disturbances  in  the  calculated  trajectory  of 
a  body  of  variable  mass.  The  effect  of  su<.  4  variations  in 
thrust  on  the  motion  of  a  variable-mass  body  in  a  constant- 
power  flight  in  a  gravitational  field  Is  analysed  in  [837]. 

Die  optimal  undisturbed  motion  of  the  body  la  discussed  first. 
Then  the  errors  caused  by  the  thrust  variations  and  by  the 
Inaccuracy  in  realisation  of  Initial  conditions  are  examined 
as  well  as  the  Induced  declinations  from  the  trajectory  and 
the  associated  optimum  corrections  necessary  to  keep  up  the 
desirable  program  of  the  reactive  thrust.  A  functional  • 
concerning  the  acceleration  due  to  the  thrust  in  the  case  of 
motion  with  errors  and  corrections  is  formed;  the  minimum 
mathematical  expectation  of  its  Increment  (♦  -  emin)  Is 
determined  for  the  optimum  number  of  corrections  and  for 
their  optimum  distribution,  and  the  effects  of  both  on  the 
motion  parameters  of  the  body  are  discussed.  An  approximate 
expression  for  the  minimum  total  weight  of  the  body  (with  the 
source  of  p^wer  and  fuel  supply)  for  the  given  value  of  ♦  is 
also  derived. 

A  similar  problem  of  determining  the  optimum  motion 
parameters  of  a  body  of  variable  mass  in  a  gravitational 
field,  taking  into  account  the  random  processes  of  power 
decrease,  is  discussed  in  [641].  Assumptions  are  made  that 
the  source  of  power  consists  of  a  certain  number  of  autonomous 
sections  which  are  switched  off  when  damaged,  thus  causing 
a  step-wise  reduction  of  the  Jet  power,  and  that  the  weight 
of  the  source  of  power  is  constant.  Two  types  of  random- 
damage  processes  are  considered:  1)  processes  stimulated  by 
inhomogeneous  external  conditions  (the  probability  of  damage 
depends  on  the  radius  vector,  l.e..  Is  associated  with  the 
trajectory);  and  2)  internal  processes  and  those  stimulated 
by  homogeneous  external  conditions  (independent  of  the  tra¬ 
jectory).  The  limit  case  when  the  source  of  power  consists 
of  a  large  number  of  sections  is  also  discussed;  the  step¬ 
wise  decrease  of  power  in  this  case  is  approximately  replaced 
by  a  continuous  one.  In  all  these  cases  the  solution  of  the 
problem  is  reduced  to  finding  the  extremals  of  the  acceleration 
functional  ♦,  which  Is  properly  transformed  for  the  case  in 
question  (e.g.  by  introducing  the  acceleration  of  gravity). 
Examples  of  the  motion  analysis  of  a  variable-mass  body  with 
the  step-wise  power  decrease  caused  by  random  damage  of  type 
(1)  and  in  case  of  a  continuous  power  decrease  are  presented. 

An  example  of  motion  with  the  source  of  power  switched  off 
is  also  discussed  under  the  assumption  that  in  this  case  no 
damage  to  the  source  of  power  can  take  place. 
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2.  Motion  of  an  Artificial  Satellite 

It  is  very  Important  to  know  the  changes  in  the  orbit 
of  a  satellite  caused  by  decrease  of  atmospheric  resistance 
with  altitude  and  by  changes  in  velocity.  The  problem  of 
determining  such  deviations  of  a  satellite  from  an  ideal 
(undisturbed)  elliptical  orbit  (calculated  without  regard  to 
the  braking  effect  of  the  atmosphere)  with  an  eccentricity 
c  *  0.01  is  solved  in  [621],  considering  only  the  atmos¬ 
pheric  dracr  X  as  the  disturbing  force,  and,  assuming  the 
effect  of  X  to  be  small,  thus  applying  the  method  of  small 
disturbances. 

lbe  equation  of  the  undisturbed  motion  of  a  satellite  in 
vector  form  is  used,  and  after  certain  transformations  the 
equation  of  a  slightly  perturbed  motion  of  the  satellite  is 
derived  from  which  the  expressions  describing  the  changes  in 
the  altitude  and  In  the  duration  of  one  revolution  are  obtained, 
so  that  from  the  known  elements  of  an  unperturbed  elliptical 
orbit  (focal  distance  p  and  ®),  a  satellite-construction  param¬ 
eter  x  ■  Cx*S/2m,  and  variation  of  density  with  altitude, 
these  changes  can  be  calculated.  Here  Cx  is  the  drag  coeffi¬ 
cient,  S  is  the  cross-section  area,  and  m  is  the  mass  of  the 
satellite. 

The  change  of  the  trajectory  of  a  satellite  is  of  great 
Importance,  e.g.,  in  solving  the  rendezvous  and  docking 
problems.  Therefore,  the  problem  of  changing  the  plane  of  a 
satellite  orbit  at  velocities  close  to  circular  orbital  ones 
with  a  minimum  decrease  of  velocity  as  discussed  in  [652]  is 
of  interest.  This  maneuver  of  a  spacecraft  at  small  angles 
of  inclination  to  the  local  horizon  is  treated  by  means  of 
the  calculus  of  variations  as  optimal  with  respect  to  the 
loss  of  velocity.  It  is  shown  that  under  these  conditions, 

•  the  optimum  regime  is  that  at  a  practically  constant  angle  of 
banking  y  and  angle  of  attack  a  corresponding  to  the  maximum 
of  the  hypersonic  llft-to-drag  ratio  L/D  »  k.  Finite  expres¬ 
sions  for  the  conventional  dependence  of  aerodynamic  charac¬ 
teristics  on  the  angle  of  attack  are  obtained  in  a  fora  suit¬ 
able  for  optimal  programming  in  a  general  case  by  using  a  and 
Y  as  Independent  variables.  The  optimum-regime  parameters 
( Y,  a,  and  k)  in  declination  of  the  plane  of  an  aircraft  orbit 
by  a  given  angle  with  a  minimum  deceleration  is  also  discussed 
in  a  case  when  the  altitudes  at  the  beginning  and  at  the  end 
of  the  maneuver  are  prescribed. 

The  presence  of  an  atmosphere  around  a  planet  is  used  to 
decelerate  a  space  vehicle  approaching  the  planet.  The 
degenerate  elliptical  orbits  '(braking  passes)  after  which  tha 
satellite  either  lands  or  is  maneuvered  into  a  circular  orbit 
far  beyond  the  "boundary”  of  the  planetary  atmosphere  are  of 
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a  cartaln  interest  because  there  exists  a  possibility  of 
realising  planetary  entry  by  using  &  special  landing  device 
and  leaving  the  basic  vehicle  in  orbit*  Die  transfer  of  a 
space  vehicle 9  which  enters  the  atmosphere  at  a  velocity 
higher  than  that  of  escape ,  to  a  circular  satellite  orbit  is 
discussed  in  [643],  Die  magnitude  of  the  additional  impulse 
necessary  for  transfer  of  the  vehicle  from  a  braking  pass  to 
a  given  circular  orbit  is  investigated  and  it  is  shown  that 
a  minimum  thrust  Impulse  is  needed  at  the  Instant  when  the 
circular  orbit  is  tangent  to  the  braking  ellipse  in  its 
apastron.  A  simple  formula  is  obtained  for  determining  the 
optimum  Increase  in  transfer  velocity  which  depends  on  the 
altitude  of  the  prescribed  circular  orbit* 

Die  investigation  is  based  on  the  assumptions  that  the 
gravitational  field  is  a  central  Newtonian  one,  the  altitude 
of  the  circular  orbit  is  much  greater  than  the  atmospheric 
"boundary,"  the  motion  of  the  vehicle  takes  place  in  the  plane 
of  the  prescribed  final  orbit,  and  the  "atmospheric"  portion 
of  the  braking  passes  is  so  small  in  comparison  to  their 
length  that  their  trajectories  can  be  treated  as  ellipses. 

The  deceleration  of  an  artificial  satellite  in  a  plane¬ 
tary  atmosphere  causes  secular  and  short  periodical  changes 
in  the  form  and  dimensions  of  its  orbit.  No  studies  con¬ 
cerning  the  short  periodical  orbit  perturbations  caused  by 
the  resistance  of  the  atmosphere,  such  as  those  presented  in 
[62 A],  are  known.  The  general  type  of  the  first-order  per¬ 
turbations  in  elements  of  a  satellite  orbit  Induced  only  by 
atmospheric  resistance  is  determined  under  the  assumptions 
that  the  Earth's  atmosphere  has  a  strictly  spherical  dis¬ 
tribution  and  its  density  Is  a  decreasing  function  of  alti¬ 
tude,  and  that  the  Earth's  gravity  can  be  replaced  by  that 
of  a  mass  point  in  its  centroid  and  having  the  same  mass. 

The  functions  on  the  right  sides  of  the  Lagrange  equa¬ 
tions  describing  the  perturbations  in  the  plane  of  an  elliptic 
orbit  are  expanded  in  trigonometric  series  of  functions  with 
the  average  anomaly  as  the  argument.  A  system  of  differential 
equations  containing  Fourier  expansions  in  terms  of  M  is  ob¬ 
tained  from  which  the  secular  and  periodical  perturbances 
can  be  determined,  the  latter  being  either  odd  or  even  func¬ 
tions  of  M  (either  equal  to  zero  or  reaching  the  extremal 
values  in  apogee  and  perigee  respectively).  A  numerical 
example  of  computation  is  presented,  and  it  shows  that  the 
periodical  perturbances  are  small  and  can  be  disregarded  in 
evaluation  of  visual  and  rough  photographic  observations. 

The  motion  of  an  artificial  satellite  with  consideration 
of  the  atmospheric  resistance  in  a  noncentral  gravitational 
field  is  a  very  complicated  problem,  and  its  solution  is 
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almost  impossible  without  the  use  of  a  high-speed  electronic 
computer.  In  [620]  a  method  is  presented  for  convenient  com¬ 
puter  calculation  of  the  motion  parameters  of  a  satellite, 
with  the  resistance  of  the  atmosphere  (rotating  together  with 
the  Barth)  and  the  deviation  of  the  gravitational  field  from 
the  central  one  taken  into  account;  the  disturbing  action  of 
the  Sun  and  Noon  are  neglected.  A  dosed  system  of  differen¬ 
tial  equations  in  terms  of  osculating  elements  supplemented 
by  an  equation  giving  the  dependence  of  the  true  anomaly  on 
time  is  used  to  derive  a  system  of  equations  completely  deter¬ 
mining  the  motion  of  the  satellite;  the  effect  of  the  non¬ 
centrality  of  the  gravitational  field  is  accounted  for  by 
introducing  the  components  of  the  disturbing  acceleration 
induoed  by  this  deviation. 

The  results  of  a  numerical  calculation  of  the  orbit 
parameters  of  a  satellite  in  a  700-day  motion  are  presented 
in  a  diagram  and  their  variation  is  analysed. 
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3*  Flight- Vehlole  Dynamic* 

The  laws  governing  the  notion  of  various  flight  vshlolss 
(airplanes ,  guided  missiles,  balllatlo  rockets,  rocket-powered 
vehicles)  under  various  eondltions  of  notion  (steady,  unsteady 
and  <quasl*stdady  notions)  are  discussed,  and  their  paths  of 
flight  are  analysed  In  a  nonograph  [642]  under  the  following 
baste  simplifying  assumptions i  1)  the  medium  In  which  the 
flight  is  performed  is  Invariable  with  tine;  2)  the  vehlole 
Is  a  body  of  variable  mass  with  a  rigid  skin;  3)  transient 
processes  Inside  the  vehlole  (e«g.  motion  of  fuel  In  tanks) 

Is  neglected;  and  4)  only  the  terrestrial  gravitational  field 
is  considered*  In  the  first  part  of  the  book,  the  possible 
and  optimal  trajectories  of  flight  vehicles  are  discussed  only 
fron  the  kinematic  point  of  view  (the  laws  of  variation  in 
velocity,  altitude,  et  cetera,  with  tine)  without  touching 
upon  the  control  problems*  Die  vehicle  control  and  the 
analysis  of  the  stability  of  Its  motion  will  be  the  content 
of  a  future,  second  part  of  this  nonograph. 

The  equations  of  motion  of  a  flight  vehicle  are  derived, 
and  mathematical  fundamentals  and  initial  data  for  determining 
Its  trajectories  are  briefly  discussed*  The  steady  motion 
of  vehicles,  their  transient  motions  In  the  vertical  and 
horlsontal  planes,  the  three-dimensional  maneuvers,  the  range, 
and  the  takeoff  and  landing  characteristics  are  analyzed* 

The  methods  of  the  calculus  of  variations  are  widely 
applied  to  finding  the  optimum  regimes  of  aircraft  control 
because  they  enable  an  analyst  to  select  from  an  Infinite 
variety  of  possible  regimes  of  motion  (usually  described  by 
nonlinear  differential  equations)  the  narrower  classes  of 
motion  for  which  the  nonlinear  equations  can  be  Integrated 
In  quadratures.  The  motion  of  an  airplane  equipped  with  a 
liquid-fuel  reaction  engine  on  a  circular  orbit  about  60  to 
120  km  over  the  earth's  surface  at  speeds  on  the  order  of 
M  >  10  Is  analyzed  in  [651],  the  aerodynamic  forces  calcu¬ 
lated  by  Newtonian  theory.  The  optimum  angle  of  attack 
corresponding  to  the  maximum  llft-to-drag  ratio  is  deter¬ 
mined  by  optimizing  the  function  which  expresses  the  L/D 
ratio  analytically.  From  the  equations  of  motion  of  the 
airplane  centroid  (treated  as  a  variable-mass  point)  In 
terms  of  projections  of  forces  on  the  tangent  and  on  the 
normal  to  the  trajectory,  expressions  for  the  functionals  T 
and  L  are  derived  which  determine  the  duration  of  the  flight 
and  the  corresponding  distance  respectively.  By  using  T  and 
L  the  solutions  of  the  following  variational  problems  of 
flight  dynamics  are  given:  1)  to  determine  a  law  of  the  mass 
variation  of  an  orbital  airplane  during  the  flight  such  that 
a)  the  power-flight  section  of  the  trajectory  will  be  a  maxi¬ 
mum;  b)  the  power-flight  duration  will  be  a  maximum  for  the 


amount  of  flml;  aid  o)  the  power-  flight  section  will  Tie  s  maximum 
Tor  a  given  time  of  flight.  2)  To  determine  the  extremal 
power-flight  times  for  a  given  range  and  for  a  given  amount 
of  fuel. 

In  problems  of  determining  the  optimum  regimes  of  flight 
under  given  conditions,  the  feasibility  of  controls  (their 
characteristics)  must  be  considered;  otherwise,  the  solutions 
could  not  be  realized  in  some  cases.  The  problem  boils  down 
to  the  selection  of  an  optimum  control  system  for  an  aircraft, 
which  Is  discussed  in  [650].  An  attempt  is  made  to  obtain 
a  more  general  solution  of  the  problem  by  supplementing  the 
equations  of  motion  of  the  aircraft  centroid  by  equations  of 
its  motion  about  the  centroid  and  by  utilization  of  the  Pon- 
tryagln  maximum  principle  in  formulating  the  optimisation 
criteria.  The  motion  of  an  aircraft  in  the  vertical  plane 
is  analyzed  for  the  case  of  a  power  flight  in  a  homogeneous 
gravitational  field  assuming  that  the  drag  variation  and  the 
regime  of  engine  operation  are  given  functions  of  time.  A 
system  of  differential  equations  of  motion  and  kinematic 
relationships  is  written  whose  solution  depends  on  the 
selection  of  the  time  function  «(t),  where  6  is  the  rudder 
angle,  and  on  the  initial  values  of  the  velocity  components, 
centroid  coordinates,  and  thrust  angle  V.  The  conditions  of 
the  optimality  of  the  control  system  (the  values  of  6  and  ») 
are  determined,  and  it  is  shown  that  optimum  control  can  be 
realized  either  as  a  step-wise  control  (by  alternation  of 
6max  and  6mln)  or  as  a  special-purpose  control  ( f  ■  const., 

«  ■  0).  A  system  of  necessary  and  sufficient  conditions 
(initial,  final,  and  for  switching)  for  the  realisation  of 
both  types  of  control  is  given  in  a  table  and  discussed  at 
length. 

At  flight  speeds  close  to  orbital,  a  winged  space  vehicle 
or  a  lifting  body  has  a  large  reserve  of  kinetic  energy  which 
can  be  used  in  gliding  flight.  It  is  Impossible  to  obtain  a 
closed  general  solution  of  the  variational  problem  of  deter¬ 
mining  the  optimum  trajectory  in  this  case.  Therefore,  the 
problem  is  solved  in  [6351  by  an  approximate  method,  where 
the  gliding  process  is  treated  as  a  uniform  quasi-steady  im¬ 
mersion  of  the  vehicle  in  the  atmosphere  at  an  altitude  of 
70  to  75  km  with  overloads  not  exceeding  M  to  5  Q's.  It  is 
assumed  that  terrestrial  gravitation  does  not  change  with  the 
altitude,  that  the  atmosphere  is  isothermic,  and  that  the 
flight  is  nonpowered.  Using  the  equations  of  motion  in  terms 
of  the  the  projections  of  forces  on  the  normal  and  tangent  to 
the  path  of  gliding,  the  kinematic  relationships,  and  the 
equation  of  the  L/D-curve,  a  system  of  three  equations  de¬ 
scribing  the  trajectory  of  gliding  is  obtained.  These  equa¬ 
tions  contain  four  unknown  functions  (density  p,  glide  angle  i, 
and  lift  coefficient  Cy),  so  that  a  constraint  must  be  Imposed 


on  one  of  them.  Solutions  art  si  von  for  the  following  oases i 
l)  gliding  rangs  for  p  -  const.;  2)  gliding  with  Cy  ■  const,; 
and  3)  gliding  with  a  constant  gilds  angle  relative  to  the 
local  horlson,  Results  of  a  calculation  for  an  initial  speed 
of  6  km/sec,  initial  density  of  8*34  x  10"*  kg/sec1/!#**  (at  an 
altitude  of  *9  km) .  C«  ■  0.1*1,  wing  loading  of  500  kg/m*,  and 
drag  coefficient  at  sero  angle  of  attack  Cxo  •  0,02  are  pre¬ 
sented  in  dlagrans  for  llft-to-drag  ratio  values  K  •  3*5  to 
0,  and  comparison  with  the  data  of  an  exact  numerical  solu¬ 
tion  shows  that  the  results  are  almost  identical.  This 
article  and  the  following  ones  in  this  group  are  the  few 
publications  closely  associated  with  the  lifting  reentry 
problem,  particularly  its  final  stage— maneuvering  in  the 
earth's  atmosphere  and  landing.  Its  content  can  be  applied 
either  to  gliding  of  a  winged  reentry  vehicle  or  a  lifting 
body. 


The  maneuvers  of  a  space  vehicle  in  a  gravitational  field 
can  be  executed  by  applying  the  thrust  either  in  the  direction 
perpendicular  to  the  radius  vector  of  the  vehicle  (transverse 
thrust)  or  in  the  direction  parallel  to  its  velocity  vector 
(tangential  thrust).  The  motion  of  a  spacecraft  with  a  small 
transverse  thrust  in  a  central  gravitational  field  is  dis¬ 
cussed  in  [6*7],  treating  the  vehicle  as  a  mass  point.  As 
initial  equations,  the  equations  of  motion  are  used  in  polar 
coordinates  (r,  «;  in  terms  of  nondlmensional  parameters 
o  •  r o/r,  z  »  r0y/B2,  and  r«2f/v  »  t$  where  r.  is  the  radius 
of  the  initial  circular  orbit,  u  is  the  gravity,  B  is  the 
double  areal  velocity,  and  f  is  the  acceleration  of  the  trans¬ 
verse  thrust.  Tho  quantity  c — the  thrust-to-gravlty  ratio 
on  the  orbit— is  considered  as  constant  and  small.  The  equality 

o  *  z(l  +  2c  sin»  +  e2R) 

containing  a  new  unknown  function  R  is  substituted  for  p 
in  the  initial  equations  of  motion.  The  introduction  of  a 
"correcting  term"  c2R  is  a  significant  peculiarity  of  the 
solution,  and  contributes  to  its  accuracy.  In  solving  this 
modified  system  of  initial  equations,  an  expression  for  R  is 
derived  in  terms  of  the  functions  of  the  argument  x  *  *e*. 

A  comparison  of  the  trajectory  parameters  calculated  for 
various  values  of  x.,  both  with  the  "correcting  term"  taken 
into  account  and  without  it,  is  presented  in  tabular  form, 
and  it  shows  that  the  results  obtained  with  the  consideration 
of  this  term  are  more  accurate. 

The  maneuvering  of  a  space  vehicle  into  a  prescribed  cir¬ 
cular  orbit  around  the  Earth  from  some  point  in  space  at  an 
arbitrary  value  of  its  velocity  vector  is  a  problem  encoun¬ 
tered  in  the  return  of  a  vehicle  from  a  space  flight.  This 
problem  is  discussed  as  a  particular  case  in  solving  the 
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variational  problem  of  a  tranafar  between  two  points  in  a 
eantral  gravitational  field  discussed  in  C648]  aa  a  plana 
problaa  of  tranafar  in  a  minimum  tima,  undar  tha  assumption 
that  a  constant  aooalaration  is  iapartad  to  tha  vahicla  by  its 
angina.  Tha  distanoa  batwaan  tha  points  is  givan  by  thair 
radius  vac tors.  In  solving  tha  systam  of  differential  aqua* 
tions  of  motion,  a  tima  functional  is  obtained  whose  minimi¬ 
sation  gives tha  solution  sought.  Tha  Lagrange  method  is 
used,  and  tha  final  aquations  obtained  are  solved  by  numerical 
integration  on  tha  BESM-2  computer,  considering  two  problems: 
transfer  batwaan  two  circular  orbits  and  placing  a  vahicla  into 
a  circular  orbit  from  a  point  in  spaoa.  In  tha  latter  oasa  it 
is  shown,  that  tha  tima  required  for  transfer  by  means  of  thrust 
tangential  to  tha  trajectory  and  tha  time  for  transfer  by  thrust 
parallel  to  tha  veloolty  vector  are  praotloally  tha  same. 

Tha  control  of  tha  rotary  motion  of  a  body  in  a  space 
flight  by  means  of  a  system  of  reactive  torque-producing 
nossles  is  usually  reduced  to  the  selection  of  their  thrust- 
regime  programming  In  accordance  with  tha  conditions  of  tha 
given  particular  problem.  The  determination  of  tha  optimum 
law  of  operating  the  reactlon-nozsie  anginas  in  decelerating 
the  angular  velocity  of  a  rotating  symmetrical  body  which  per¬ 
forms  a  free  motion  In  space  around  its  canter  of  inertia  is 
discussed  in  [65*0 .  Two  basic  regimes  of  retarding  tha  ro¬ 
tation  are  discussed:  1)  In  the  shortest  tima  (unlimited 
fuel  consumption),  and  2)  with  the  minimum  fuel  consumption 
(unlimited  time).  In  certain  particular  cases,  they  can  coin¬ 
cide.  This  search  for  a  t ism-optimum  regime  is  based  on  tha 
assumptions  that  the  noszle  engines  produce  control  moments  of 
limited  magnitude  around  the  principal  axes  of  Inertia  of  tha 
body  and  that  the  inertia  moments  of  tha  body  and  tha  direc¬ 
tions  of  its  principal  axes  are  invariable.  Tha  solutions 
obtained  in  cases  (1)  and  (2)  are  analyzed,  and  it  Is  found 
that  in  case  (1)  all  three  anginas  retroact  simultaneously 
up  to  the  complete  cessation  of  rotation, and  in  case  (2)  tha 
transverse  torques  act  in  turn  and  tha  longltudlal  torque 
(along  the  axis  of  symmetry)  acts  continuously  up  to  elimination 
of  the  longitudinal  component  of  the  angular  velocity.  As  a 
particular  case  of  braking  tha  transverse  rotation  —  tha 
stopping  of  the  precession,  l.e,,  elimination  of  transverse 
angular-velocity  components  —  is  discussed  as  wall  as  tha 
construction  of  phase  trajectories,  i.e.,  tha  order  in  switch¬ 
ing  the  nozzle  engines  on  and  off. 

An  original  discussion  of  the  interesting  and  Important 
problem  of  tha  free* fall  of  a  mass  point  in  tha  cabin  of  a 
satellite  during  a  free  flight  and  a  flight  in  tha  Barth’s 
atmosphere  is  presented  in  1.8363.  Prom  the  aquations  (in 
vector  form)  of  motion  of  the  mass  canter  C  of  tha  satellite 
(in  coordinates  with  tha  origin  in  tha  Earth's  oenter)  and  of 
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the  falling  mass  point  M  (coordinate  center  in  C)  in  a  free 
flight  when  only  gravity  forces  are  acting,  a  seoond-order 
differential  equation  ftr  the  flee  fell  la  obtained  whose  pneral  eolu  tl  on 
contains  six  constants  for  which  the  parameters  of  the  el- 
llptioal  orbit  are  taken.  The  derivatives  of  the  radius  vector 
with  respect  to  these  parameters  represent  the  particular 
solutions  of  this  differential  equation.  By  means  of  these 
solutions,  six  radius-vector  functions  q  and  their  time  de¬ 
rivatives  {  are  written.  The  vectors  p  and  (  which  determine 
the  position  of  N  in  the  cabin  and  its  velocity* in  a  coordinate 
system  with  the  origin  at  (;  are  determined  in  the  form 

where  C  are  constants  determined  later  from  the  conditions  of  an 
impactless  separation  of  M  from  the  cabin.  The  separation 
processes  of  M  at  the  Instant  when  the  satellite  passes  its 
perigee  and  when  it  is  in  a  circular  orbit  are  discussed.  The 
problem  of  determining  the  path  and  velocity  of  a  mass  point 
falling  in  the  cabin  of  a  satellite  is  also  examined  in  the 
presence  of  nongravltational  forces  which  perturb  its  Keple- 
rlan  motion.  The  effect  of  the  atmospheric  drag,  as  such  a 
perturbing  force,  on  the  motion  of  N  is  analysed  in  the  case 
of  a  circular  orbit. 
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J»,  Spaceship  Oscillation 


The  oscillatory  processes  in  the  notion  of  flight  vehi¬ 
cles  are  of  great  importance  for  their  design  and  operation. 
This  importance  increases  with  growing  flight  parameters 
(e.g. ,  speed,  pressure,  tei^erature).  In  this  section,  only 
p .1  cations  are  reported  which  concern  the  oscillation  of  a 
rigid  vehiole  as  a  whole,  either  about  its  oenter  of  mass  or 
relative  to  its  trajectory,  disregarding  its  deformations. 
Publications  on  the  vibration  of  aircraft  considering  the 
associated  stresses  and  strains  are  reported  in  group  D, 
section  2. 

The  oscillation  of  an  artificial  satellite  around  its 
cent er  of  mass  under  the  notion  of  gravitational  moments 
during  its  motion  in  an  elliptic  orbit  is  discussed  in  detail 
in  [645a],  with  speolal  attention  being  paid  to  the  effects 
of  resonance.  An  investigation  of  the  conditions  for  the 
existence  and  stability  of  the  state  of  relative  equilibrium 
of  a  satellite  (l.e.,  equilibrium  in  an  orthogonal  coordinate 
system  with  its  origin  in  the  satellite  centroid)  and  a  lib- 
rational  motion  around  this  state  was  carried  out  by  the 
author  in  ISZ,  no.  3,  1959,  13-31*  In  the  present  article, 
the  small  forced  plane  oscillations  of  the  satellite  (lnduoed 
by  the  elllptleity  of  the  orbit  and  described  by  an  equation 
of  the  pitch-angle  variation)  in  the  plane  of  its  orbit  are 
discussed,  and  a  formula  describing  the  associated  forced 
oscillations  of  the  eccentricity  of  the  orbit  is  derived. 

The  steady-state  oscillations  in  the  ease  of  a  parametric 
resonance  are  analysed,  and  the  region  and  magnitude  of  reso¬ 
nance  values  of  the  natural  frequency  are  determined.  A 
crlterlonal  inequality  is  derived  which  shows  the  domain  of 
nonsteady  oscillations.  The  resonance  values  of  oscillation 
parameters  in  the  case  of  three-dimensional  oscillations  are 
determined  by  supplementing  the  equation  of  the  pitch-angle 
variation  with  those  of  the  roll  and  yaw  angles. 

Solutions  are  obtained  which  describe  the  transverse 
oscillations  of  a  satellite  in  an  elliptic  orbit  and  in  a 
circular  one  (by  putting  the  eccentricity  of  the  elliptic 
orbit  equal  to  sero).  The  only  value  of  the  frequency  para¬ 
meter  at  which  the  parametric  resonance  in  transverse  oscil¬ 
lation  can  take  place  is  determined. 

The  problem  of  controlling  the  self-induced  plane  'oscil¬ 
lations  of  a  spaceship  relative  to  its  trajectory  by  an  im¬ 
pulse-type  automatic  control  system  is  discussed  in  [616] 
under  the  assumptions*  1)  that  the  sensors  of  control  system 
which  record  the  angle  of  deviation  of  the  vehicle  from  the 
prescribed  direction  have  certain  dead  tones  on  whose  bound¬ 
aries  discrete  control  impulses  of  a  constant  magnitude  are 
produced  by  the  servos;  2)  the  sensors  and  servos  are  of 
arbitrary  nature;  3)  the  duration  of  a  control  impulse  is 


39 


short,  ao  that  during  that  time  tha  angle  or  deviation  doss 
not  change,  and  thus  tha  angular  velocity  ohangas  s tap- wise; 
and  4)  tha  perturbing  moments  acting  upon  the  vehicle  ara 
oonatant  in  magnitude  and  direction.  Assumption  (2)  permits 
omitting  consideration  of  tha  fuel  consumption  and  discussing 
instead  the  consumption  of  energy ,  whloh  is  given  for  a  certain 
tins  t  by  a  formula  Q  •  ngt/T,  where  n  la  tha  number  of  im¬ 
pulses  in  one  cycle,  g  is  the  known  energy  consumption  in 
one  impulse,  and  T  is  the  duration  of  a  oyole.  The  formula 
shows  that  for  finding  the  energy  consumption  the  values  of 
T  atid  n  must  be  determined. 

The  self-induced  oscillations  in  unperturbed  motion 
(l.e.,  the  absence  of  perturbing  moments)  and  under  constant 
perturbing  momenta  are  discussed,  and  the  energy  consumption 
and  duration  of  a  oyole  are  determined  in  terms  of  nondlmen- 
slonal  paramsters  of  perturbing  and  controlling  moments.  The 
relationship  between  energy -oonsumpt ion  and  disturbance  para¬ 
meters  la  established  and  illustrated  by  diagrams. 

The  oscillatory  motion  in  the  vertical  plane  of  a  winged 
•olid-propellant  roeket  in  powered  end  non-powered  flights  is 
studied  in  [633].  An  analytical  solution  in  the  fora  of  finite 
fomulas  and  tabulated  functions  is  obtained  for  determining 
the  parameters  of  this  oscillatory  motion  occurring  when  the 
steady  motion  of  the  rocket  is  perturbed,  e.g.,  by  deflection 
of  elevators,  cut-in  and  cut-off  of  the  engine,  or  wnsn  the 
thrust  beoomes  eccentric.  The  following  principal  assumptions 
and  constraints  are  used:  Hie  incidence  angles  of  wings  and 
control  surfaces  are  fixed,  and  the  eccentricity  of  thrust  is 
constant;  the  angles  of  attack  a  and  of  inclination  of  the 
veotor  velocity  are  small;  the  drag  coefficient  is  constant 
and  the  derivatives  of  the  coefficients  of  aerodynamic  forces 
and  moments  with  respect  to  o  and  to  angular  velocity  are 
independent  of  the  flight  velocity;  the  mass  and  centroid  of 
the  rocket  and  the  thrust  are  constant  during  the  burning  of 
the  propellant.  Linear  equations  describing  the  dependence 
of  the  lift  and  of  the  pitching  moment  on  the  angle  of  attack 
and  angular  velocity  are  used  as  Initial  ones,  and  a  second- 
order  linear  inhomogeneous  differential  equation  with  constant 
coefficients  which  describes  the  motion  of  the  rocket  is 
obtained.  In  this  equation  the  distance  along  the  trajectory 
is  taken  as  the  argument.  The  solution  of  this  equation  is 
given,  the  osoillatory  behavior  of  statically  stable  and 
unstable  rockets  in  flights  with  the  engine  switched  in  and 
shut  down  is  analyzed,  and  the  coordinates  of  motion  of  the 
centroid  are  determined.  The  term  "statically  stable"  ("urmtaMrf*)  is 
applied  to  a  rocket  whose  m|  «  0  Cm|  >0),  where  m2  is  the 
derivative  of  the  pitching-moment  coefficient  with  respect  to  n. 
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5.  Meteorite  Hatard 


The  encounter  of  a  space  vehicle  in  flight  with  meteors 
and  meteoric  particles  (miorometeoritea)  is  very  probable, 
and  measures  for  protecting  the  vehicles  against  punctures 
are  developed  in  two  ways:  theoretical  and  experimental 
investigations  of  the  nature  and  mechanism  of  the  puncture 
process  at  velocities  on  the  order  of  10  km/sec  or  more, 
and  the  design  and  construction  of  protective  means  (e.g., 
increase  of  the  wall  thickness,  special  shielding)  to  pre¬ 
vent  punctures*  Results  of  an  experimental  observation  of 
the  mechanism  of  Impact  of  two  bodies— one  of  a  small  mass, 
the  other  of  a  large  ranss— at  velocities  of  3  to  7  km/sec, 
and  X-ray  photographs  of  the  process  of  interaction  between 
them  at  velocities  up  to  2  km/sec  have  been  used  in  [672a] 
for  a  first-step  solution  of  the  impact  problem  at  very 
high  velocities  by  constructing  an  impact  model  which  retains 
the  basic  features  of  the  phenomenon  and  permits  determining 
the  fundamental  parameters  of  the  impact  process.  The  mech¬ 
anism  of  Impact  of  a  cylinder  on  a  semlflnite  wall  is  shown 
in  Pig*  11* 


Fig.  11 

The  cylinder  is  partly  melted  in  the  Impact  and  takes  on  a 
mushroom  shape  OAA.AjB^B;  KK  and  nn  are  are  shock  waves  In 
the  wall  and  cylinder  respectively;  the  metal  between  KK  and 
nn  is  in  a  liquid  phase  and  is  about  to  be  ejected.  The  im¬ 
pact  problem  is  reduced  to  the  investigation  of  the  motion  of 
this  liquid,  assumed  to  be  incompressible,  and  is  solved  by 
means  of  classical  methods  of  hydrodynamics  for  cases  of  po¬ 
tential  and  vortex  motions.  Formulas  for  the  geometric  param¬ 
eters  of  a  crater  in  the  solid  related  to  the  length  and 
diameter  of  the  impacting  cylinder  and  density  parameters  of 
the  cylinder  and  wall  materials  are  given.  Results  of  cal¬ 
culations  for  impact  velocities  from  11  to  88  km/sec  for 
various  geometric  ar.d  density  parameters  are  given  in  a  table. 
If  less  than  the  whole  liquid  phase  is  ejected  from  the  crater 
during  Impact,  an  "inertial "  increase  of  the  crater  takes 
place,  l.e.,  the  remaining  liquid  produces  a  certain  addi¬ 
tional  deepening. 


The  first  logical  and  simple  measure  to  protect  a  space 
vehicle  during  its  flight  beyond  the  Earth's  atmosphere  against 
puncture  by  meteorites  Is  to  Increase  the  wall  thickness.  But, 
a  considerable  Increase  in  the  weight  of  the  vehicle  in  this 
case  makes  it  nu  cess  ary  to  search  for  other  means  of  protec¬ 
tion.  A  protective  method  proposed  by  F.  Wipple  (Astronomical 
Journal,  v.  52,  1947.  p.  131)  is  based  on  the  assumption  that 
in  the  impact  an  explosion  occurs,  and  the  meteorite  and  a 
certain  amount  of  the  wall  material  evaporate;  thus  the  ve¬ 
hicle  should  be  enveloped  in  a  mantle  (with  a  gap  between  It 
and  the  outer  surface  of  tha  vehicle)  which  act  as  a  meteor 
damper,  so  that  ths  outer  surface  of  the  vehicle  wall  would 
be  exposed  only  to  the  weakened  action  of  the  explosion 
products.  An  approximate  method  is  proposed  in  [668]  for 
estimating  the  upper  values  of  the  thicknesses  lQ  of  the 
mantle  and  of  the  wall,  and  of  the  magnitude  h  of  the 
gap,  which  means  that  all  assumptions  and  simplifications 
used  in  this  method  are  on  the  safe  side,  leading  to  larger 
dimensions.  It  is  assumed  that  an  oncoming  meteorite  punc¬ 
tures  a  hol^  of  radius  r0  in  the  mantle,  evaporates  and  takes 
the  form  of  a  dense  mas3  of  vapor  of  radius  r<>  and  length  1 0 
(the  same  as  tne  hole  and  thickness  of  the  mantle);  the  vapor 
expands  only  lengthwise  during  the  passage  of  the  gap  h.  The 
wall  thickness  is  determined  from  the  condition  that  all  the 
kinetic  energy  of  the  vapor  is  spent  in  vaporization  of  the 
wall  material,  fhe  tnickness  L  of  a  wall  not  protected  by 
a  mantle  is  determined  and  an  expression  for  the  ratio 
(I0  ♦  1% f)/L  is  derived  for  the  given  h. 

The  selection  of  the  most  rational  values  of  h/L,  l 0 , 
and  do  ♦  £>/)  based  on  calculations  is  discussed,  and  the 
weight  of  the  cover  of  a  space  vehicle  in  the  case  of  an 
unprotected  wall  (L)  and  a  mantle-protected  one  d0  ♦  Zw) 
are  compared  and  the  advantages  of  the  latter  are  pointed 
out.  The  method  can  be  made  more  exact  as  more  knowledge  on 
meteors  and  their  interaction  with  a  wall  is  acquired. 


GROUP  D.  STRENGTH  OP  PLIGHT- VEHICLE  COMPONENTS 
(Thin  and  sandwich  plates  and  shells) 


Thin  plates  and  shells,  solid,  laminated  and  of  sandwich 
construction,  are  the  most  frequently  used  components  In  the 
construction  o'*  ‘'light  vehicles,  machinery,  and  instruments 
of  modern  det  Box-type  spars  of  airplane  wings,  the 

fuselage  and  wing  skin;  the  bodies  of  rockets,  satellites 
and  space  vehicles;  the  membranes,  diaphragms,  and  bellows 
of  Instruments;  the  cases  and  diaphragms  of  turbomachines, 
etc.,  consist  of  these  elements  or  of  their  various  combina¬ 
tions.  ftie  most  significant  role  in  the  development  of  the 
design  of  these  constructions  is  played  by  the  theory  of 
plates  and  shells,  especially  the  works  of  K.  Z.  Gallmov, 

A.  L.  Ool* denveyser,  Kh.  M.  Mushtari,  V.  V.  Novozhilov,  V.  Z. 
Vlasov,  and  of  others  on  the  thin  plates  and  shells  which  are 
well  known  outside  the  USSR  from  their  translations,  mainly 
English.  In  this  report  only  those  publications  concerning 
the  theory  of  thin  plates  and  shells  will  be  mentioned  which 
are  associated  with  topics  related  to  high-speed  flight 
vehicles  and  their  operation:  minimum-weight  design,  load- 
carrying  capacity,  thermal  stresses,  dynamic  stability, 
aeroelastlc  and  aerothermodynamic  problems,  and  liquid- filled 
shells.  All  these  publications  can  be  divided  in  two  groups: 
publications  dealing  with  static  and  with  dynamic  stress  and 
strain  analyses. 

1.  Static  Stress  and  Strain  Analyses 

Cantilever  anisotropic  or  orthotropic  plates  are  often 
used  as  design  models  for  monolithic  cantilever  wings  or 
control  surfaces  of  high-speed  aircraft  or  winged  space  ve¬ 
hicles.  The  term  "monolithic  wing"  means  a  wing  with  a  thick 
skin  which  is  able  to  resist  the  normal  and  tangential  stresses 
varying  over  the  skin  thickness.  The  spars  and  ribs  of  such 
a  wing  are  designed  to  resist  only  the  shear  forces.  'This 
type  of  construction  is  used  in  high-speed  aircraft  wings, 
tall  units  and  in  fins  of  rockets  and  missiles.  Thin  mono¬ 
lithic  wings  have  lower  rigidity  in  bending  and  especially 
in  torsion  thus  creating  serious  aeroelastlc  problems. 

a.  king  design 

The  general  strength  of  a  sweptback  wing  of  monolithic 
construction  stiffened  with  stringers  and  with  ribs  parallel 
to  the  fuselage  axis  is  analyzed  in  (6773.  The  wing  is  under 
uniform  continuous  loading  (flexural  and  torsional  moments, 
and  shear  forces)  and  a  concentrated  load,  all  applied  at 
’  the  free  end  of  the  wing.  A  cantilever  anisotropic  plate  is 
■  taken  as  a  design  model,  and  the  stress  analysis  is  carried 
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out  under  conventional  assumptions  of  the  small-deflection 
theory*  The  relationships  between  the  stress  and  displace¬ 
ment  components  are  established,  and  the  determining  of 
stresses  in  the  skin  is  thus  reduoed  to  determining  the 
deflections  of  its  middle  surface.  The  principle  of  virtual 
displacements  is  applied  to  derive  approximate  differential 
equations  of  the  four  h  order  with  boundary  conditions  for 
determining  the  deflections,  from  the  equality  6U  *  6A,  where 
U  Is  the  potential  energy  of  the  wing  and  A  is  the  work  of 
external  forces.  The  equations  derived  contain  a  deflection 
function  «rhich  takes  account  of  the  rigidity  of  the  wing,  so 
that  these  equations  are  correct  for  wings  with  thin  or  thick 
skins.  A  simplified  solution  of  these  equations  is  obtained 
for  "rigid"  wings  for  which  an  assumption  can  be  made  that 
the  form  of  the  cross  section  is  not  distorted  by  deformation 
under  loading.  The  effect  of  the  sweepback  angle  and  the 
aspect  ratio  on  the  stress  distribution  along  the  span  and 
in  the  root  cross  section  of  such  wings  is  analyzed  and  the 
results  are  shown  in  diagrams.  A  way  of  obtaining  a  more 
exact  solution  (with  consideration  of  the  distortion  of  wing 
cross  sections)  by  means  of  the  method  of  successive  approxi¬ 
mations  is  indicated. 

The  growing  speed  of  flight  pressed  aircraft  designers 
to  use  thin  wing  profiles,  thus  reducing  the  flexural  and 
(mainly)  torsional  rigidities  of  the  wing  and  making  its 
loading  and  stresses  more  dependent  on  deformations.  The 
problem  of  determining  the  stresses  with  the  effect  of  de¬ 
formations  taken  account  is  considerably  complicated  by  the 
fact  that  the  external  loading  remains  unknown  until  the  prob¬ 
lem  is  completely  solved.  The  strength  of  a  thin  elastic  wing 
of  monolithic  construction  with  regard  to  the  effect  of  de¬ 
formations  is  analyzed  in  [689]  under  conditions  and  assump¬ 
tions  as  in  [677].  The  problem  is  discussed  in  a  static 
formulation,  which  means  that  an  equilibrium  in  the  process 
of  changes  in  deformations  and  in  associated  external  forces 
Is  considered  and  that  the  change  in  the  lift  coefficient 
caused  by  deformation  is  proportional  to  the  change  in  the 
angle  of  attack.  The  mass  forces  are  taken  into  account,  and 
the  interrelated  stresses  and  deformations  are  determined  in 
two  cases:  1)  when  the  angle  of  attack  at  the  root  cross 
section  of  the  wing  is  prescribed  (e.g.,  flight  in  gusty  air); 
and  2)  when  the  load  factor  is  prescribed  (flight  along  a 
given  curvilinear  trajectory).  The  design  formulas  for  stresses 
and  deformations  are  given  in  matrix  form,  which  is  very  con¬ 
venient  for  making  calculations,  especially  on  electronic 
computers. 

The  possibility  of  using  these  formulas  for  other  pur¬ 
poses,  for  example,  in  determining  the  aerodynamic  loads, 
lift  and  moment  coefficients  of  an  elastic  wing  with  its  de¬ 
formations  taken  into  account,  is  pointed  out,  and  the  diver¬ 
gence  and  aileron- reversal  speeds  of  an  elastic  monolithic 


wing  are  determined  as  examples  of  suoh  applications. 

The  solutions  obtained  in  [677]  and  [689]  are  generalized 
in  [715]  for  a  monolithic  wing  with  nonparallel  stringers 
and  with  ribs  parallel  to  the  plane  of  the  root  cross  section. 
The  stiffeners  (stringers  and  ribs)  are  treated  as  flexible 
ropes  carrying  only  axial  loads.  It  is  assumed  that  the 
wing  elements  resisting  the  shear  forces  (the  skin  and  the 
webs  of  ribs  and  spars)  are  continuously  distributed  (along 
the  span  and  chords  respectively).  An  anisotropic  plate  is 
used  again  as  the  design  model.  Two  special  cases  of  a 
monolithic  wing  design  are  examined:  1)  when  sharp  changes 
in  loading  (e.g.,  a  concentrated  load)  or  in  the  shape  take 
place  in  some  cross  section  along  the  span;  and  2)  when  the 
wing  is  of  a  continuous  type  (i.e.,  has  a  central  portion 
under  the  fuselage).  The  changes  in  equations  and  boundary 
conditions  involved  in  cases  (1)  and  (2)  are  discussed,  and 
in  the  latter  case  the  simplified  general  formulas  (obtained 
by  assuming  a  nondlstorted  cross  section  of  the  wing  during 
its  deformation  as  in  [6773)  are  given.  The  results  of  com¬ 
puting  the  stress  distribution  and  the  deformation  in  the 
root  cross  section  in  following  triangular  wings  with  a  45° 
sweep  of  the  leading  edge  and  with  the  trailing  edge  per¬ 
pendicular  to  the  fuselage  axis  are  shown  in  diagrams  and 
are  briefly  discussed:  three  detachable  wings  with  various 
arrangements  of  stringers  (parallel  to  the  trailing  edge, 
parallel  to  the  leading  edge,  and  parallel  to  the  median  of 
the  wing-tip  angle);  and  two  continuous  wings  with  different 
arrangements  of  the  central  portion;  both  with  stringers 
intersecting  in  the  wing-tip  corner. 

The  effect  of  nonuni fonnity  in  strength  and  spacing  of 
the  stringers  over  the  depth  of  various  wings  (rectangular, 
sweptback,  and  triangular)  on  the  stress  distribution  in 
outer  fibers  of  the  wing  skin  is  discussed  in  [722]  by  pre¬ 
senting  the  results  of  theoretical  stress  analysis  by  the 
method  given  in  [677]  and  [715]*  The  calculations  were 
carried  out  for  two  patterns  of  stringer  arrangement:  1)  the 
effectiveness  of  the  stiffening  decreases  (stringers  are 
weaker  and  their  spacing  grows)  along  the  chord  with  in¬ 
creasing  distance  from  the  leading  edge;  and  2)  the  stiffening 
pattern  is  inverse  to  that  In  case  (1).  The  following  types 
of  wings  were  considered:  a)  straight  wings  of  rectangular 
and  double-wedge  cross  section  constant  along  the  span; 
b)  sweptback  wings  of  cross  sections  as  in  (a);  c)  triangular 
wings  of  rectangular  cross  section  with  various  directional 
arrangements  of  stringers  (as  described  in  [715])*  The  varia¬ 
tions  of  longitudinal  stress  in  the  root  cross  section  are 
shown  in  diagrams  and  discussed  as  well  as  the  displacement 
of  the  flexural  axis,  the  additional  stresses  due  to  con¬ 
strained  torsion,  and  the  dependence  of  the  stress  distribution 
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on  the  arrangement  of  the  stringers* 

The  stress  distribution  in  tapered  wings  Is  similar  to 
that  in  conical  shells  under  similar  conditions.  The  inves¬ 
tigation  of  stress-strain  relationships  in  a  sharply  tapered 
thln-walled  flattened  conical  shell  having  the  shape  of  a 
tapered  (in  plan  and  thickness  ratios)  wing  is  presented  in 
C 719 3 •  The  equations  for  determining  the  deformations  and 
stresses  in  the  shell  of  constant  thickness  are  derived  in 
displacements  and  are  based  on  the  general  variational  method 
proposed  by  V.  Z.  Vlasov.  This  approach  to  the  problem  per¬ 
mits  determining  the  stresses  and  strains  in  the  shell  in 
a  simple  way  and  with  a  satisfactory  accuracy.  The  basic 
assumption  used  is  that  the  stress  distribution  is  uniform 
along  the  thickness  of  the  thin  shell.  The  longitudinal  and 
lateral  displacements  of  a  point  on  the  surface  of  a  panel 
(between  spars  and  adjacent  ribs)  which  are  caused  by  external 
forces  are  investigated,  and  systems  of  Euler-type  differen¬ 
tial  equations  (in  terms  of  generalized  displacements)  with 
variable  coefficients  (containing  the  distribution  functions 
of  displacements)  are  derived.  The  extension  of  these  equa¬ 
tions  to  stringer-stiffened  shells  is  briefly  discussed. 

The  application  of  the  proposed  method  is  illustrated 
by  deriving  the  design  formulas  for  a  wing-like  cantilever 
conical  shell  under  a  lateral  force  at  the  free  end  and  by 
presenting  a  numerical  sample  calculation.  The  systems  of 
differential  equations  obtained  can  be  applied  to  designing 
one-cell  and  multicell  conical  shells  under  arbitrary  loading, 
and  to  determining  thermal  stresses  due  to  constraints  in 
bending  and  torsion. 

b.  Minimuni-weight  design 

The  problem  of  designing  a  structure  having  a  minimum 
weight  under  given  conditions  is  associated  with  the  lower 
and  upper  estimates  of  limit  loads  for  this  structure  by 
applying  the  yield  conditions  for  maximum  tangential  stress 
and  for  maximum  reduced  stress,  respectively.  In  [807]  the 
yield  condition  for  the  maximum  reduced  stress  is  used  for 
determining  the  lower  limit  load  in  designing  a  cylindrical 
shell  of  minimum  weight  under  continuous  uniform  Internal 
loading.  The  shell  is  of  sandwich  construction;  the  faces, 
of  variable  thickness,  are  of  a  perfectly  elastic-plastic 
material,  so  that  the  minimum- weight  and  minimum- volume 
problems  coincide;  the  material  obeys  the  yield  condition 
under  maximum  reduced  stress  and  the  associated  flow  pattern. 
The  core,  of  constant  thickness,  is  cf  a  lightweight  material.' 
The  yield  behavior  of  a  simply  supported  cylindrical  shell  is 
Investigated,  and  the  corresponding  deflections,  the  varia¬ 
tion  of  the  face  thickness  along  its  axis,  and  the  volume 
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(i.e.,  the  weight)  of  the  shell  are  determined  and  shown  in 
diagrams.  The  volume  of  the  variable-thiekness  shell  is  com¬ 
pared  in  a  diagram  with  the  volume  of  a  constant-thickness 
shell  in  relation  to  the  length  of  the  shell. 


Analogical  analysis  is  carried  out  for  a  cylindrical 
shell  with  fixed  ends.  By  the  comparison  of  weights  the 
author  comes  to  the  conclusion  that  a  noticeable  economy  in 
weight  can  beachieve,;  by  usin&  short  shells. 

The  optimum  design  of  a  medium-long  or  a  long  shell  of 
given  thickness  stiffened  by  annular  frames  of  different 
rigidity  and  acted  upon  by  external  pressure  is  solved  in 
[795] ,  with  the  requirement  that  the  shell  must  have  the 
same  stability  against  various  modes  of  buckling.  The 
method  of  initial  parameters  in  matrix  form  is  used  in  de¬ 
termining  the  necessary  rigidity  of  the  annular  frames.  The 
shells  with  one,  two,  and  three  frames  are  analyzed,  and  the 
author  comes  to  the  conclusion  that  equlstabillty  can  be 
ensured  by  two  methods:  1)  in  a  case  when  identical  rigidity 
of  the  frames  is  prescribed— by  the  selection  of  their  proper 
spacing,  and  2)  when  the  spacing  of  the  frames  is  uniform— by 
using  frames  of  various  rigidities. 

Shells  consisting  of  two  layers  of  different  materials 
are  an  important  constructional  element.  Metallic  shells 
with  an  inner  or  outer  layer  of  plastics  used  either  as 
thermal  insulation  or  as  ablation  shielding  or  a  protective 
layer  against  corrosion  are  often  used  in  aircraft  design. 

A  cylindrical  shell  with  an  outer  layer  of  polymeric  material 
with  a  filler,  exposed  to  the  action  of  internal  pressure  and 
of  a  temperature  field  is  discussed  in  [7^3]  with  the  purpose 
of  determining  the  state  of  stress  in  both  layers  and  of 
establishing  their  minimum- weight  relationships.  The  outer 
layer  is  treated  as  a  constructionally  orthotropic  membrane 
shell  stiffened  by  equidistant  stringers  and  uniformly  spaced 
prestressed  rings.  The  inner  layer  is  treated  as  a  shell 
with  bending  stresses.  The  interaction  between  both  layers 
is  investigated  assuming  their  joint  deformation,  and  a 
fourth-order  differential  equation  (containing  the  par-ameters 
of  rigidity,  pressure,  and  temperature)  of  the  problem  on  the 
states  of  stress  and  strain  of  the  shell  is  derived;  the  con¬ 
stants  of  integration  of  this  equation  can  be  determined  from 
the  boundary  conditions  and  used  In  finding  the  stress  dis¬ 
tribution  at  the  ends  of  the  shell  (the  edge  effect).  These 
constants  are  determined  for  two  arrangements  of  the  bottom 
of  the  shell:  1)  plane  hinged  bottom  with  a  reinforced  flahge, 
and  2)  semlspherlcal  bottom  rigidly  connected  to  the  shell, 
i  The  minimum-weight  problem  of  this  shell  is  solved  under  the 
1  assumptions  that  the  whole  shell  Is  in  a  membrane-stress  state 
*  (because  the  edge-effect  sones  are  very  narrow,  only  a  few 
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shell  thicknesses)  and  that  the  outer  layer  haa  only  the 
•tlffsnlng  rings.  The  minimum  weight  la  determined  under 
the  condition  that  stresses  in  the  layers  should  not  exceed 
the  prescribed  limits;  the  thicknesses  of  the  layers  as  well 
as  the  initial  tension  in  the  outer  layer  can  be  determined. 

c.  Load-carrying  capacity 

The  load-carrying  capacity  of  a  structure  is  understood 
to  be  the  value  of  a  limit  load  which  the  construction  can 
carry  without  failure  or  buckling  under  a  certain  loading 
path*  The  calculation  of  the  load  capacity  and  the  lnvestl- 

Sation  of  the  effect  of  certain  structural  parameters  on  the 
lalt-load  variation  help  to  keep  the  weight  of  the  structure 
low.  In  [824]  an  attempt  is  made  to  develop  a  comparatively 
simple  method  for  determining  the  load-carrying  capacity  of 
stiffened  thin-walled  circular  cylindrical  shells  under  axial 
compression.  The  method  is  based  on  the  assumption  that  the 
longitudinal  members  of  a  real  shell  with  manufacturing 
irregularities  and  other  deviations  from  the  design  conditions 
are  subjected  to  a  combination  of  axial  and  transverse  load¬ 
ings;  the  presence  of  stiffeners  (stringers  and  frames) 
Justifies  treating  the  shell  under  discussion  as  "construc¬ 
tionally"  orthotropic.  The  cases  of  axisymmetrical  and  of 
axially  asymmetrical  initial  imperfections  of  the  shell  are 
discussed.  In  the  former  case,  formulas  for  the  critical 
(failure)  stresses  in  stringers  and  frames  are  derived. 

Either  the  buckling  stress  in  certain  elements  of  a  stiffener 
or  the  yield  stress  of  the  material  (whichever  Is  lower)  Is 
taken  as  the  critical  stress.  In  the  axially  asymmetrical 
case,  an  analogous  procedure  is  used,  and  similar  expres¬ 
sions  for  critical  stresses  are  obtained.  The  discussion 
of  the  effect  of  the  internal  pressure  in  cases  of  both  sym¬ 
metrical  and  asymmetrical  initial  irregularities  on  the  load- 
oarrying  capacity  of  a  constructionally  orthotropic  cylindri¬ 
cal  shell  leads  to  the  conclusion  that  the  internal  pressure 
can  increase  the  load  capacity  in  an  asymmetrical  case  when 
the  circular  frames  are  relatively  weak  or  when  only  stringers 
are  used. 

The  load-carrying  capacity  of  a  plain  cylindrical  shell 
under  pure  flexure  is  discussed  in  [826].  An  attempt  is  made 
to  obtain  a  physically  convincing  and  simple  mathematical  solu¬ 
tion  of  the  failure  problem  based  on  geometrically  linear 
theory  and  to  define  more  exactly  certain  principles  con¬ 
cerning  the  buckling  of  the  shell.  The  load-carrying  capac¬ 
ity  of  the  shell  is  determined  from  the  conditions  of  strength 
and  of  buckling  of  the  shell.  The  strength  of  a  plane  cylin¬ 
drical  shell  under  pure  flexure  and  external  uniform  radial 
pressure  Is  analysed  under  the  assumption  that  the  load  capac¬ 
ity  will  be  exhausted  when  the  total  stresses  at  a  certain 
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point  exceed  the  yield  stress  of  the  material.  The  formula 
for  determining  the  load-carrying  capacity  of  the  shell  with 
respeot  to  its  strength  is  derived,  and  the  results  of  cal¬ 
culation  are  compared  in  a  diagram  with  experimental  data 
obtained  by  other  authors.  The  load  capacity  of  the  shell 
with  respect  to  local  buckling  is  also  analysed,  and  it  is 
shown  that  the  presence  of  radial  pressure  decreases  the 
critical  (failure)  stress  in  the  shell.  A  practical  formula 
for  determining  the  real  critical  stress  Is  given.  Pair 
agreement  of  the  theoretical  values  with  experimental  data 
can  be  seen  in  the  above  mentioned  diagram.  The  coincidence 
between  theoretical  and  experimental  results  in  determining 
the  load  capacity  with  reape ct  to  both  strength  and  buckling 
as  well  as  the  different  character  of  the  discrepancies  in 
the  buckling  behavior  of  shells  under  flexure  and  under  pres¬ 
sure  are  examined  in  more  detail,  and  the  feasibility  of 
extending  this  study  to  constructionally  orthotropic,  l.e., 
stiffened,  shells  is  mentioned, 

A  general  solution  of  the  problem  of  the  rigidity  of 
cylindrical  shells  having  frames  at  the  ends  and  several 
frames  arbitrarily  spaced  between  them  is  presented  in  [827]. 
The  effect  of  the  spacing  of  an  arbitrary  number  of  inter¬ 
mediate  frames  on  the  strength,  buckling,  and  free  vibration 
of  a  cylindrical  shell  is  investigated  under  the  assumption 
that  these  frames  are  elastic  in  their  planes  but  perfectly 
pliable  in  the  out-of-plane  direction;  the  end  frames  can 
be  either  rigid  or  elastic.  In  solving  this  combined  vari¬ 
ational  pr-oblem,  the  radial  displacements  W  are  taken  as 
an  unknown  function  and  the  hoop  stresses,  bending  moments, 
shear  forces,  and  the  potential  of  external  forces  are  con¬ 
sidered  in  writing  the  energy  functional  for  a  eeotlon  of 
the  shell  between  the  frames.  By  minimising  this  functional, 
a  fourth-order  differential  equation  with  boundary  conditions 
is  derived  from  which  the  general  solution  (an  expression  for 
W)  is  obtained.  By  using  proper  boundary  conditions  the 
solutions  for  either  the  fixed,  simply  supported,  or  free 
ends  of  the  shell  can  be  derived.  Hie  adaptation  of  the 
general  solution  in  the  following  particular  cases  is  dis¬ 
cussed:  1)  the  strength  under  axlsymmetrical  loading;  2)  the 
axlsymmetrical  mode  of  shell  buckling;  3)  the  shell  under 
lateral  flexure  combined  with  axial  compression;  and  4)  axi- 
symmetrical  free  vibration  of  the  shell. 

Hie  buckling  behavior  of  a  shallow  oblong  cylindrical 
panel  with  longitudinal  ribs  (whioh  are  hinged  to  the  shell) 
subjected  to  a  uniform  normal  pressure  is  investigated  in 
[79*].  The  pressure  is  q(t)  »  Mq  ♦  c(t),  where  the  pressure- 
function  Mq  ■  const,  and  c(t)  is  a  time  function  describing 
a  random  stationary  process.  The  presenoe  of  disturbances 
t(t)  oaueea  the  crossing  of  the  potential  barrier  of  the  panel 
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and  thus  its  premature  (from  ths  viewpoint  of  the  classical 
stability  theory  of  elastic  systems)  buckling  at  a  certain 
random  instant  t.  From  the  numerical  characteristics  of  t 
one  ean  make  a  judgement  about  the  load-carrying  capacity  of 
the  panel*  Zt  is  assumed  that  C(t)  has  a  wlde-band  oharaoter, 
i.e,,  its  eorrelatlon  time  la  small  in  comparison  with  the 
natural  frequency  of  the  panel,  as  it  Is  In  the  case  of  real 
disturbances  of  aooustlc  or  aerodynamic  origin.  Equations 
previously  derived  by  the  author  (under  the  assumption  that 
the  dtf leot Ion  and  its  first  time  derivative  desorlbe  a 
Markoff  process)  are  used  in  determining  an  expression  for 
the  mean  time  of  buckling  from  whioh  a  qualitative  estimate 
of  the  load-carrying  capacity  can  be  made. 

The  problem  of  the  stability  of  circular  cylindrical 
shells  under  axial  compression  forces  nonuniformly  distributed 
along  the  edges  of  their  faces  has  been  studied  by  many  authors 
with  satisfactory  results.  But  the  effect  of  nonuni f oral ty 
In  the  distribution  of  compressive  forces  on  the  amplitude 
of  the  critical  (buckling)  stresses  Is  Insufficiently  known, 
and  considerable  discrepancies  exist  between  values  of  stress 
factors  accounting  for  this  nonuniforalty.  The  linear  problem 
of  the  looal  stability  of  a  circular  cylindrical  shell  with 
Its  faces  abutting  on  rigid  diaphragms  and  subjected  to  com¬ 
pressive  loading,  which  varies  according  to  the  cosine  law. 

In  the  middle  surface  of  the  shell  Is  Investigated  in  [809J 
with  the  purpose  of  comparing  the  values  of  buckling  stresses 
under  nonuniformly  and  uniformly  distributed  loadings.  The 
procedure  in  deriving  a  formula  for  local  deflections  is 
outlined,  and  the  results  of  the  computation  of  relationships 
between  certain  buckling  parameters  are  presented  In  diagrams. 
By  analysing  these  relationships,  the  author  comes  to  the  con¬ 
clusion  that  nonuniforalty  In  the  distribution  of  compressive 
loading  has  no  influence  on  the  magnitude  of  the  buckling 
stresses.  Local  buckling  Is  analyzed  in  the  example  of  a 
long  cylindrical  shell  placed  In  a  high- temperature  field  and 
partly  filled  with  zero- temperature  liquid,  so  that  a  tempera¬ 
ture  Jump  which  causes  thermal  stresses  takes  place  in  the 
circumferential  direction.  Expressions  for  the  buckling  tem¬ 
perature  and  associated  critical  compressive  stresses  are 
derived,  and  the  calculated  values  of  the  buckling  stresses 
are  practically  the  same  as  those  obtained  for  the  same  shells 
under  uniformly  distributed  compressive  loading. 

d.  Thermal  stresses  and  buckling 

Temperature  changes  In  the  surrounding  medium  cause 
volume  changes  in  bodies  placed  In  this  medium  which  result 
In  a  state  of  stress  and  strain.  The  magnitude  of  these 
stresses  and  strains  must  be  kept  within  certain  bounds  In 
order  to  prevent  thermal  failure  of  the  body.  Establishing 
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temperature-dependent  stress-strain  relationships  and  deter¬ 
mining  thermal  stresses  and  strains  is  the  purpose  of  many 
studies  published  in  the  Communist  World,  the  most  charac¬ 
teristic  of  which  will  be  mentioned. 

The  behavior  of  a  heated  orthotropic  ^late  Is  investi¬ 
gated  in  [758]  by  taking  into  account  the  shear  stresses 
Txt  "  <P(x,  y)]  and  tye  -  [f2(z),  *(x,  y>]  according 

to  the  S.  A.  Ambartsumyan  theory  of  anisotropic  shells,  and 
assuming  that  the  relative  deformation  over  the  thickness  of 
the  plate  ez  is  given  by  the  free  thermal  expansion  in  that 
direction  ez  ■  0  ZT,  where  9(x,  y)  and  y(x,  y)  are  the  unknown 
functions,  fj(z)  and  f2(z)  are  the  given  functions  determining 
the  pattern  of  variation  of  tXs  and  TyZ  along  the  plate  thick¬ 
ness,  6Z  is  the  coefficient  of  thermal  expansion  along  z, 
and  T  is  the  temperature.  The  elasticity  and  shear  moduli, 
Poisson *s  ratio,  and  6  are  the  given  functions  of  T.  The 
origin  of  the  coordinate  axes  is  in  a  corner  of  the  plate 
with  the  z-axis  along  the  plate  thickness.  Starting  with 
the  integration  with  respect  to  z  of  the  different. al  equa¬ 
tion  of  equilibrium  of  a  plate  element,  a  solving  system  of 
five  differential  equations  with  variable  coefficients  is 
obtained  for  determining  the  three  displacement  components 
and  the  functions  <P(x,  y)  and  »(x,  y).  The  application  of 
these  equations  to  the  following  particular  cases  is  shown: 

1)  when  T  varies  only  along  the  z-axis;  2)  when  T  varies 
along  the  x-  and  y-axes;  and  3)  cylindrical  flexure  of  the 
plate.  A  sample  analysis  of  stresses  in  a  case  when  the 
temperature  is  zero  under  the  plate  and  changes  linearly 
from  zero  to  400 °C  on  the  upper  surface  is  carried  out  for 
a  plate  with  two  opposite  sides  clamped,  and  the  considerable 
effect  of  transverse  shear  stresses  on  the  magnitude  of  the 
resulting  forces  and  moments  is  pointed  out. 

The  buckling  behavior  of  plates  and  shells  in  a  super¬ 
sonic  gas  flow  was  examined  many  times  and  the  determining 
parameters  obtained  were  mostly  established  in  relation  to 
the  initial  (prebuckling)  state  of  these  structures.  But 
in  solving  the  problem  of  the  thermal  buckling  of  plates 
and  shells  in  a  gas  flow,  their  stability  in  the  buckled 
state  is  of  most  interest.  The  behavior  of  plates  and  shells 
under  the  postbuckllng  conditions  is  discussed  in  [741]  by 
using  the  published  data  on  flight  conditions  of  the  V-2 
rocket,  and  it  is  shown  that  under  these  conditions  the  thermal 
buckling  is  a  prevalent  factor  in  failure  at  high  temperatures. 
The  equations  describing  the  vibration  of  plates  and  shallow 
cylindrical  shells  under  conventional  assumptions  (validity  of 
Kirchoff-Love  hypothesis,  comparability  of  deflections  with 
the  thickness,  given  temperature  fields,  etc.)  are  brought 
to  a  nondlmenslonal  form,  and  a  system  of  determining  param¬ 
eters  (temperature,  pressure,  structural  damping,  velocity. 
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•tc.)  are  brought  to  a  nondlmenslonal  form,  and  a  system  of 
do tarmining  paramatara  (temperature,  pressure,  structural 
damping,  velocity,  ato.)  is  diaeuasod  and  aolaetod.  Only 
the  tamparatura  parameter  •  and  valooity  paramo  tor  u  aro  oon- 
sidarad  in  the  study  of  tha  poatbuekling  behavior  of  a  oylln- 
drioal  shallow  shall  of  a  rectangular  planfom  with  super* 
sonic  gas  flow  on  the  outer  surface  along  the  directrix*  It 
is  shown  that  the  shell  undergoes  either  thermal  buckling  or 
flutter  and  that  tha  cause  of  failure  depends  on  the  relation 
between  &  and  ».  The  calculated  values  of  these  parameters 
for  various  lsngth-to-thickness  ratios  a/h  of  the  shell  are 
plotted  in  (• ,  u)  coordinates,  and  the  regions  of  stability, 
flutter,  and  thermal  buckling  are  determined  (Fig.  12).  The 

conclusion  Is  reached  that  the  problem  of 
thermal  buckling  of  shallow  shells  In 
high-speed  gas  flows  deserves  perhaps  not 
less,  but  more  attention  than  the  problem 
of  flutter. 

The  assumption  usually  accepted  at 
lower  temperatures  that  the  physical 
properties  of  materials  are  Independent 
of  the  temperature  Is  inadmissible  In 
designing  modern  flight-vehicle  structures, 
where  the  gradients  of  temperature  fields 
are  high  and  grow  with  the  increasing 
kinetic  heating  due  to  increasing  speed 
of  flight.  The  large  temperature  gradients 
coutpel  consideration  of  the  dependence  of 
elastic  constants  and  thermal  expansion 
coefficients  of  materials  on  the  temperature  in  determining 
the  thermal  stress  and  strain  distributions,  as  well  as  in 
solving  other  thermoelastic  orobleras.  An  analysis  of  thermal 
stress-strain  relationships  in  an  orthotropic  shell  of  revo¬ 
lution  with  consideration  of  the  time -depen dent  physical  prop¬ 
erties  of  Its  material  is  presented  In  [7*12]  in  linear  formula¬ 
tion,  disregarding  creep,  and  assuming  the  validity  of  the 
generalised  Hooke's  law.  The  usual  assumptions  (on  preserva¬ 
tion  of  normals,  free  thermal  expansion  over  thickness,  negli¬ 
gibly  small  thlckness-to-radlus  ratio,  etc.)  are  applied  In 
deriving  a  system  cf  linear  differential  equations  and  of 
formulas  for  determining  the  forces  and  displacements  in  the 
meridional,  circumferential,  and  normal -to-surf ace  directions, 
as  well  as  the  moments  In  the  meridional  and  transverse  planes. 
The  integration  of  the  equations  is  Impossible  in  the  general 
case;  therefore,  these  equations  are  rewritten  for  particular 
shells  of  revolution  (cylindrical,  conical,  and  spherical) 
and  for  a  circular  plate.  There  Is  a  detailed  discussion  of 
the  thermal  problem  of  a  cylindrical  shell  of  revolution  in 
the  case  when  the  temperature  varies  linearly  along  its  length, 
Young's  modulus  varies  linearly  with  the  temperature,  and 
Poisson's  ratio  is  Independent  of  the  temperature. 
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The  skin  of  a  stiffened  shell  moving  at  high  speed  In 
the  air  is  considerably  heated  whereas  the  inner  stiffening 
members  remain  cool  and  hinder  the  thermal  expansion  of  the 
skin,  thus  creating  compression  stresses  in  the  skin  and  ten¬ 
sion  stresses  in  the  inner  members ,  so  that  buckling  of  the 
skin  can  occur.  The  thermal  stability  of  an  orthotropic  cir¬ 
cular  cylindrical  shell  in  an  external  temperature  field  is 
discussed  In  [804]  under  the  assumotion  that  the  Induced 
thermal  stresses  in  the  skin  are  constant  along  the  length 
of  the  shell  and  across  the  thickness  of  the  skin  and  vary 
over  the  circumference.  This  simplification  of  the  original 
problem  reduces  the  problem  of  thermal  stability  of  a  shell 
to  that  of  its  static  stability  under  proper  boundary  condi¬ 
tions. 

Fundamental  equilibrium  equations  for  an  orthotropic 
cylindrical  shell  in  terms  of  displacements  are  derived  in 
general  form  assuming  a  membrane  state  of  stress  prior  to 
buckling.  These  equations  are  used  in  determining  the  sta¬ 
bility  of  a  simply  supported  cylindrical  shell  by  selecting 
the  corresponding  boundary  conditions,  and  an  infinite  linear 
system  of  algebraic  equations  is  obtained.  By  equating  the 
determinant  of  this  system  (the  stability  determinant)  to 
zero,  a  general  solution  can  be  obtained  by  a  complicated 
procedure,  which  can  be  greatly  simplified  for  particular 
loadings.  Simple  design  formulas  for  the  buckling  stresses 
in  orthotropic  and  isotropic  cylindrical  shells  under  axial 
compression  and  for  orthotropic  shells  under  flexure  are 
derived. 

By  the  nonuniform  heating  of  long  cylindrical  shells  in 
the  circumferential  direction,  longitudinal  stresses  which 
can  cause  their  buckling  are  originated  in  their  middle  sur¬ 
face.  The  clarification  of  the  effect  of  nonuniformity  in 
the  thermal  stress  distribution  on  the  magnitude  of  the 
buckling  stresses  needs  supplementary  studies.  The  local 
buckling  of  a  circular  cylindrical  shell  under  the  above 
conditions  is  investigated  in  [762]  as  a  linear  problem. 
Starting  with  the  stability  equations  and  taking  the  unknown 
functions  in  them  in  the  form  of  trigonometric  series,  an 
infinite  system  of  homogeneous  equations  is  obtained  in  matrix 
form,  thus  reducing  the  problem  of  determining  the  buckling 
stress  to  determining  the  maximum  eigenvalue  of  the  matrix 
(by  the  Iteration  method);  the  eigenvector  of  the  matrix  will 
determine  the  deflections.  A  case  of  practical  importance  is 
the  stability  of  a  cylindrical  shell  in  the  horizontal  position 
partly  filled  with  a  zero-temperature  liquid  and  placed  in  a 
medium  with  a  higher  (lower)  temperature  corresponding  to 
heating  (cooling)  of  the  liquid.  The  buckling  behavior  of 
the  shell,  the  buckling  temperature  of  the  medium,  and  the 
effect  of  the  level  of  liquid  in  the  shell  are  discussed  and 
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illustrated  by  diagrams.  It  is  shown  that  ths  investigated 
noaualfonriti  in  stress  distribution  has  praotioally  no  effect 
on  tt»e  magnitude  of  the  local  buckling  stress. 

e.  Sandwich  constructions 

Flutes  and  shells  of  sandwloh  construction  are  exten¬ 
sively  used  in  aircraft  design  (lifting  surfaces ,  fuselage) 
not  only  for  their  hightr  load- to -weight  ratio  but  also  for 
their  heat-  and  sound-insulating  and  vibration-damping  prop¬ 
erties.  The  stress  analysis  of  the  sandwich  plates  and  shells 
under  various  external  loadings  and  boundary  conditions  Is  a 
topic  often  discussed  in  Soviet  technical  scientific  literature; 
the  buckling  behavior  of  sandwich  plates  and  shells  Is  dis¬ 
cussed  leas  often.  The  skin  of  a  wing  of  sandwich  construc¬ 
tion  is  subject  to  aerodynamic  heating  in  high-speed  flight; 
the  outer  face  of  the  sandwich  akin  la  heated  much  more  than 
the  inner  face,  and  thermal  stresses  occur.  The  effect  of 
thermal  stresses  on  the  buckling  of  a  sandwich  wing  panel  of 
the  upper  airfoil  surface  between  adjacent  spars  and  riba  is 
Investigated  (according  to  the  author,  for  the  first  time) 

In  [718 J;  the  panel  la  compressed  in  the  longitudinal  direc¬ 
tion  by  uniformly  distributed  forces  along  the  ribs  and  Is 
clamped  along  all  sides.  The  following  assumptions  are  made: 

1)  the  eompreaslve  loading  is  carried  by  the  face  layers  only; 

2)  the  hypothesis  of  straight  normals  is  valid  for  the  face 
layers;  3)  the  core  layer  is  free  of  stresses  up  to  the 
instant  of  buckling;  and  4)  thermal  stresses  and  strains  In 
the  core  are  disregarded  because  of  its  low  rigidity.  The 
thermal  stresses  and  their  distribution  in  face  layers  are 
determined  as  well  as  the  states  of  resulting  stresses  in 
them,  and  the  equilibrium  equations  for  both  face  layers  are 
derived.  The  expressions  describing  the  stress  distribution 
In  the  core  and  the  joint  deformation  of  all  three  layers  are 
derived,  and  from  them  the  expression  for  the  buckling  force 
la  deduced.  The  effect  of  distribution  of  thermal  stresses 
on  the  magnitude  of  the  buckling  force  is  discussed. 

Hie  flexure  of  an  unsymmetrlcal  sandwich  plate  with  a 
rigid  isotropic  core  and  unequally  thick  faces  made  of  dif¬ 
ferent  materials  subjected  to  transverse  loading  combined  with 
nonuniform  heating  is  examined  In  [797].  It  Is  assumed  that 
the  temperature  and  displacements  vary  linearly  over  the 
thickness  of  the  core  (the  least  heat  conductive  of  all  layers), 
and  that  the  Kirchhoff-Love  hypothesis  is  valid  for  the  face 
layers;  the  transverse  compressibility  of  the  core  is  neglected. 
Hie  differential  equations  of  small  deflections  with  boundary 
conditions  are  used  in  investigating  the  flexure  of  a  simply 
supported  plate  (Fig.  13)  under  transverse  loading  q,  com¬ 
pression  forces  P,  and  thermal  loading  t  linearly  distributed 
along  both  faces  (linear  heat  source  along  the  x-axis  lnde- 
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pendent  of  the  y-axis).  The  flexure  of  the  plate  (by  the 
bending  moments  distributed  along  the  edges  parallel  to  the 
x-axis)  occurs  when  the  forces  In  the  middle  surfaces  of  the 
face  layers  are  of  opposite  signs  (tension  and  compression); 
an  expression  for  the  deflection  function  under  this  loading 
is  derived.  A  formula  for  deflection  in  the  case  when  the 
plate  is  subjected  only  to  transverse  loading  is  deduced.  A 
solution  is  also  given  for  the  case  when  two  opposite  edges 
are  clamped  and  two  others  are  simply  supported. 


2.  Dynamic  Stress  and  Strain  Analyses 
a.  Vibration  and  flutter 

Thin  plates  and  shells  which  are  structural  components 
of  flight  vehicles  are  exposed  to  the  action  of  aerodynamic 
forces  which  cause  such  undesired  phenomena  as  buffeting, 
vibration,  and  flutter,  which  can  produce,  in  turn,  the 
buckling  and  failure  of  these  elements.  Because  of  the 
increasing  speed  of  flight,  the  dynamic  behavior  of  plates 
and  shells  in  a  high-speed  flow  of  a  compressible  gas  is  a 
more  and  more  frequently  discussed  topic  in  Soviet-Bloc  tech¬ 
nical  scientific  literature.  Publications  dealing  with  the 
flutter  and  vibration  will  be  mentioned. 

The  dynamic  stability  of  plates  and  shells  has  been 
studied  mostly  in  the  linear  formulation,  and  the  problems 
associated  with  relatively  low  speeds  (e.g.  the  lower  flutter 
speed  of  a  panel)  can  be  treated  by  means  of  linear  theory. 

At  higher  speeds,  the  deviations  from  linearity  in  relatlon- 
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ships  between  geometric  end  flow  parameter**  force  the  Inves¬ 
tigator  to  use  the  concepts  of  nonlinear  theory.  Due  study 
of  the  nonlinear  flutter  of  plane  and  curved  panels  ir.  very 
high  supersonic  flows  is  presented  in  [696],  with  stretching 
of  the  middle  surface  and  thermal  buckling  caused  by  kinetic 
heating  taken  into  account;  the  effect  of  joint  deformation 
of  the  panel  together  with  the  whole  structure  (the  effect 
of  clamping)  on  the  boundary  conditions  is  considered.  The 
flutter  of  a  double-curvature  shallow  panel  of  rectangular 
planform  in  a  supersonic  gas  flow  (parallel  to  its  longer 
side)  on  its  convex  surface  is  investigated.  The  plate  is 
surrounded  by  a  steady  temperature  fiel*  generated  by  the 
kinetic  heating,  with  a  gradient  linear.,  varying  over  the 
thickness  of  the  panel,  and  arbitrarily  varying  over  its 
middle  surface.  The  basic  assumptions  of  the  nonlinear 
theory  of  shallow  shells  (the  validity  of  the  Kirchhoff-Love 
hypothesis,  the  comparability  of  deflections  with  the  shell 
thickness,  and  their  smallness  in  comparison  with  its  dimen¬ 
sions)  are  accepted.  The  flutter  motions  are  assumed  to  be 
so  slow  that  the  tangential  inertia  forces  can  be  neglected, 
and  only  the  normal  ones  to  be  considered.  A  system  of  dif¬ 
ferential  equations  describing  the  flutter  behavior  of  the 
panel  under  the  thermal  and  normal  loading  (which  consists 
of  Inertial  and  damping  forces  and  aerodynamic  pressure)  is 
solved  by  making  simplifying  assumptions  and  Introducing 
nondlmenslonal  parameters;  approximate  expressions  are  derived 
for  determining  the  flutter  speed,  and  estimating  the  ampli¬ 
tudes  of  oscillation  and  the  normal  stresses  at  speeds  higher 
than  the  speed  of  flutter.  The  conditions  for  the  "soft"  and 
"hard"  flutter,  as  well  as  the  interdependence  of  the  flutter 
speed,  amplitudes,  and  stresses  for  various  thlckness-to- 
length  ratios  of  the  panel  are  discussed  and  illustrated 
by  diagrams. 

In  investigations  of  the  oscillatory  motion  of  a  wing 
at  high  supersonic  speeds,  the  nonlinear  interdependence  of 
aerodynamic  forces  and  the  angle  of  attack  has  to  be  con¬ 
sidered.  At  high  hypersonic  speeds  of  flight  the  time  t  ■  b/v 
(where  b  is  the  chord,  v,  the  speed)  will  be  negligibly  small 
in  comparison  with  the  oscillation  period  T,  and  the  ratio 
t/T  (proportional  to  the  Strouhal  number)  will  be  very  close 
to  zero.  In  C756],  It  is  shown  that  under  these  conditions 
the  data  about  flutter  obtained  by  the  stationary  theory  in  a 
case  when  the  angle  of  attack  is  constant  with  respect  to  time 
can  be  applied  in  a  case  when  the  variation  of  the  angle  of 
attack  is  caused  by  oscillation.  The  results  of  the  study  of 
the  flexural-torsional  flutter  of  a  wing  by  this  simplified 
method  with  the  aid  of  an  MN-7-type  electronic  analogue  com¬ 
puter  are  presented.  The  dependence  of  the  flutter  speed  on 
the  wing  parameters  and  on  the  initial  disturbances  (e.g., 
wind  gusts,  atmospheric  turbulence)  is  established;  the  effect 
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of  the  fuselage  on  the  flutter  speed  Is  also  considered. 

The  results  are  discussed  and  illustrated  by  diagrams. 

The  unsteady  flutter  of  plates  and  shallow  shells  in  a 
supersonic  gas  flow  is  analyzed  in  [7513*  A  method  previously 
developed  by  the  author  is  applied  in  setting  up  a  system  of 
equations  describing  the  dynamic  behavior  of  plates  and  shells 
in  a  supersonic  gas  flow  and  thus  surrounded  by  a  temperature 
field;  the  characteristic  temperature  of  the  plate  (shell) 
and  the  velocity  of  the  undisturbed  flow  are  described  by 
parameters  8  and  u  respectively,  so  that  a  point  in  the  (8,  u) 
plane  gives  an  idea  of  the  conditions  of  the  plate  (shell) 
surroundings  in  time-variable  fields  of  temperatures,  veloc¬ 
ities,  and  pressures.  This  fact  is  used  in  determining  the 
character  of  the  transition  to  flutter  and  the  associated 
values  of  the  temperature  and  velocity  parameters.  An  approx¬ 
imate  method,  developed  by  N.  N.  Bogolyubov  and  Yu.  A.  Mitro- 
pol’skiy,  for  investigation  of  transient  processes  in  nonlinear 
systems  with  many  degrees  of  freedom  is  used  in  searching  for 
nonstationary  solutions  in  cases  of  simultaneous  changes  in 
parameters  of  flow  velocity,  density,  and  pressure  in  the 
surrounding  medium,  and  in  the  temperature  of  the  plate  (shell). 
A  (8,  u)  diagram  plotted  from  calculated  values  which  illus¬ 
trates  the  loss  of  stability  of  a  plate  is  shown  in  Pig.  14, 

The  crossing  of  the  line  AF  means  the  loss  of  stability 
through  the  flutter,  and  of  the  line  DP,  through  the  thermal 
buckling.  Equations  for  determining  the  frequency,  amplitude, 
and  phase  of  a  nonstationary  flutter  are  derived,  and  their 
application  Is  discussed.  An  example  of  calculating  the  flut¬ 
ter  parameters  for  a  plane  nonheated  plate  is  presented,  and 
the  results  obtained  are  examined  and  illustrated  by  diagrams. 

Knowledge  of  the  modes  of  free  vibra¬ 
tions  of  aircraft  elements  and  of  their 
natural  frequencies  is  necessary  in  inves¬ 
tigating  oscillatory  proolema.  The  vibra¬ 
tion  parameters  of  lifting  surfaces  are  of 
special  importance  because  of  the  high 
speeds  at  which  they  operate  when  used  on 
modern  airplanes,  guided  missiles,  rockets , 
etc.  They  are  usually  of  monolithic  con¬ 
struction  (see  above,  D-l),  and  a  canti¬ 
lever  plate  is  used  as  a  design  mode£  for 
them.  The  modes  and  frequencies  of  free 
vibration  of  the  most  general  type  canti¬ 
lever  plate,  anisotropic,  laminated,  swept-back,  tapered, 
with  arbitrarily  variable  thickness  along  the  span  and  chord, 
are  investigated  in  [684],  The  plate  simulates  a  thin  mono¬ 
lithic  wing  or  tall  unit  with  a  thick  skin  stiffened  by 
stringers  and  rib  flanges.  The  Rlts  method  is  used  for  de¬ 
termining  the  modes  of  free  vibration  along  the  span  (for  a 
given  vibration  mode  along  the  chord)  using  the  equations  in 


matrix  for*.  to  that  the  problem  it  reduced  to  determining 
the  elftnvmiues  and  eigenvector*  of  a  special  dynamic  matrix 
whose  elements  depend  on  rigidity  and  Inertial  characteristics 
of  the  construction.  The  method  is  very  convenient  for  use 
on  eleotronie  digital  computers.  The  flexural  and  torsional 
free  vibrations  are  analysed  by  using  the  hypothesis  on  the 
nonvariabllity  of  the  cross  sections  of  the  wing  under  vibra¬ 
tion,  and  the  results  are  compared  in  a  table  with  the  data 
of  investigations  where  this  hypothesis  was  not  used  and  with 
experimental  data.  A  fair  agreement  among  all  these  results 
is  demonstrated.  The  possibility  of  replacing  the  swept- 
baok  plate  by  an  equivalent  straight  plate  is  discussed. 

In  solving  certain  dynamic  problems  in  aircraft  design 
it  is  sometimes  necessary  to  investigate  the  vibration  of 
thin-walled  structural  members  of  thin-plate  and  thin-shell 
types  exposed  to  a  high-frequency  excitation.  .For  deter¬ 
mining  the  modes  of  vibration  asymptotic  expressions  can  be 
derived  which  can  be  used  in  any  region  except  in  those 
adjoining  the  reinforced  contour,  at  abruptly  changing  cross 
sections,  etc.,  where  the  distortion  of  the  dynamic  stress 
field,  the  phenomenon  called  "dynamic  edge  effect,"  takes 
place.  It  is  known  from  experience  that  the  fatigue  failure 
of  vibrating  thin-walled  structures  begins  in  these  "dis¬ 
torted"  regions.  Therefore,  solutions  are  sought  which 
satisfy  the  "distorted"  boundary  conditions  and  tend  to 
asymptotic  expressions  for  vibration  modes  in  Inner  regions 
not  too  close  to  the  edges.  The  theory  of  the  dynamic  edge 
effect  in  the  vibration  of  elastic  shells  is  presented  in 
[7073  with  an  analysis  and  classification  of  various  types 
of  the  edge  effect  for  shells  of  positive,  zero,  and  nega¬ 
tive  Gaussian  curvatures;  methods  are  given  for  calculating 
the  edge-effect  characteristics  in  the  distorted-stress 
regions  from  the  known  solution  for  the  inner  regions.  The 
equations  of  shell  theory  (derived  by  A.  L.  Gol* denvey zer) 
describing  the  modes  of  vibration  in  states  of  stress  with  a 
large  index  of  variation  (large  wave  number)  are  used  to 
derive  an  expression  which  completely  determines  the  prop¬ 
erties  of  the  dynamic  edge  effect  in  the  case  of  vibration 

with  given  wave  numbers.  This  expression 
is  used  in  deducing  formulas  for  the 
dynamic  edge  effect  in  plates,  shallow 
shells,  and  spherical  shells,  and  it  is 
generalised  (by  Introducing  nondimenslonal 
parameters)  to  discuss  the  conditions  of 
existence  of  an  edge  effect  and  its  degen¬ 
eration  and  to  determine  its  type.  The 
application  of  the  proposed  theory  to  investigating  the  fre¬ 
quency  spectrum  and  modes  of  natural  vibration  of  a  spherical 
panel  is  given;  the  panel  is  clamped  along  a  contour  bounded 
by  four  orthogonal  lines  of  curvature  (Fig.  15).  It  is  shown 
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that  tha  tangential  displacements  along  the  lines  x2  ■  const 
ani  Xj  »  const  do  not  affect  the  normal  deflections,  and  the 
asymptotic  estimates  of  natural  frequencies  and  wave  numbers 
are  obtained  in  a  simple  way.  Results  of  computations  in  the 
case  when  a  ■  b  are  given  in  a  table  and  are  compared  with 
those  of  a  very  accurate  and  laborious  calculation  by  S,  Iguchi; 
the  results  are  almost  identical. 

b.  I.lquld-filled  shells 

The  solution  of  problems  of  dynamic  stability  of  space 
vehicles  during  launching  and  in  motion  when  either  the 
direction  or  the  speed  of  flight,  or  both,  are  changed  (e.g, , 
corrections  of  the  orbit,  deceleration)  boils  down  to  the 
investigation  of  the  disturbed  motion  of  a  solid  with  cavities 
partly  or  completely  filled  with  a  liquid.  The  oscillation 
of  fuel  In  tanks  is  excited  by  vibration  of  the  tank  Itself 
and  of  other  structural  and  control  elements  of  the  vehicle, 
so  that  the  problem  of  dynamic  stability  of  the  body-liquid 
system  arises.  These  problems  are  usually  solved  by  varia¬ 
tional  methods  which  permit  a  convenient  use  of  computers. 

A  systematic  presentation  of  variational  principles  and  their 
substantiation  in  analyzing  the  oscillatory  behavior  of 
liquid-filled  bodies  is  given  in  [7873;  the  body  is  either 
rigid,  or  elastic  and  obeying  the  hypothesis  of  preservation 
of  plain  cross  sections,  ftie  oscillation  of  the  liquid  in 
a  fixed  open  vessel  is  preliminarily  discussed.  The  applica¬ 
tion  of  the  Rltz  method  is  described;  oscillation  of  a  con¬ 
servative  system  of  bodies,  some  of  them  having  cavities 
filled  with  a  perfect,  incompressible  liquid  without  vortices 
Is  analyzed;  and  the  static  stability  of  the  system  is  inves¬ 
tigated.  An  approximate  method  of  determining  the  free  oscil¬ 
lation  of  the  body-liquid  system  is  given.  The  torsional, 
flexural,  and  combined  free  vibrations  of  an  elastic  beam  with 
a  cavity  filled  completely  or  partially  by  a  liquid  are  dis¬ 
cussed,  and  formulas  for  natural  frequencies  are  derived. 

The  stability  of  the  beam-liquid  system  is  investigated,  and 
the  analytical  conditions  of  stability  are  formulated.  The 
advantage  of  the  variational  method  used  in  this  investiga¬ 
tion  is  stressed;  it  is  convenient  for  the  use  with  elec¬ 
tronic  computers  and  makes  standardized  programming  possible. 

The  dynamic  behavior  of  stiffened  thin  elastic  shells 
filled  with  a  perfect  incompressible  liquid  is  analyzed  in 
[788].  The  study  is  based  on  A.  M.  Lyapunov’s  works  on  the 
stability  of  motion  of  mechanical  systems,  and  on  works  by 
V.  V.  Bolotin  about  the  dynamic  stability  of  elastic  systems, 
particularly  of  shells.  The  works  by  V.  V.  Novozhilov, 

Kh.  M.  Mushtari,  and  V.  Z.  Vlasov  on  thin  shells  are  also  used. 
The  variational  equations  of  motion  of  the  shell-liquid  system 
under  the  action  of  arbitrary  time-variable  forces  acting  upon 
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tht  shell  surface  are  derived  under  the  assumptions  that 
the  stiffeners  possess  flexural  rigidity  only  in  the  direc¬ 
tion  normal  to  the  shell  surfaee  and  rigidity  in  tension 
( comp  rets Ion ) ,  and  that  the  connection  between  the  skin  and 
stiffeners  Is  strong  enough  to .ensure  their  joint  deformation. 
From  these  equations  the  differential  equations  whloh  desorlbe 
the  dynamic  stability  of  the  system  are  derived  under  the 
assumption  that  the  liquid  does  not  separate  from  the  shell 
(oolnoldenoe  of  the  normal  velocity  components  of  both  liquid 
and  shell  over  the  surface  of  their  contact),  ttie  following 
problems  of  the  stability  of  a  cylindrical  shell  with  liquid 
are  examined,  and  the  stability  parameters  (amplitude  and 
frequency  of  oscillation,  pressure,  critical  forces  and 
stresses)  are  discussed:  dynamic  stability  of  a  plain  dosed 
shell]  quasi-static  stability  of  a  completely  filled  shell 
and  of  a  shell  stiffened  by  closely  spaced  stringers]  shells 
stiffened  by  discretely  spaced  circular  frames;  dynamic  sta¬ 
bility  of  a  closed  shell  stiffened  by  stringers.  Possible 
simplifications  of  the  proposed  method  are  discussed. 

When  the  cavity  in  a  body  is  almost  completely  filled 
with  liquid,  a  bubble  of  air  of  almost  spherical  shape  is 
formed,  and  the  dynamic  problem  consists  in  determining  the 
motion  of  the  liquid  and  that  of  the  bubble  in  the  cavity, 
and  in  describing  the  motion  of  the  body.  The  discussion  of 
this  problem  is  presented  in  [8M5]  under  the  assumptions  that 
the  following  conditions  are  fulfilled  (and  it  is  so  for  many 
liquids,  Including  water):  va  »  u/p  and  v2a  >>  c/p  (where 
a  is  the  radius  of  the  bubble;  p  and  u  are  the  density  and 
viscosity  of  the  liquid,  respectively;  a  is  the  coefficient 
of  the  surface  tension  on  the  interface  between  the  liquid 
and  bubble]  and  v  is  a  characteristic  value  of  the  liquid 
velocity  relative  to  the  cavity);  and  that  the  bubble  is  a 
nondeformable  sphere  and  the  liquid  is  a  perfect  one.  The 
equations  of  motion  of  the  body-llquld-bubble  system  con¬ 
taining  its  momentum  Q,  kinetic  energy  T,  and  kinetic  moment 
K,  and  the  expression  for  the  potential  energy  1  of  the 
liquid  are  used  as  the  initial  ones.  These  equations  are 
solved  first  as  if  the  liquid  filled  the  cavity  completely 
(determining  thus  the  parameters  of  the  motion  of  the  body- 
liquid  system);  then,  by  integrating  the  equation  of  motion 
of  the  bubble,  the  coordinates  and  velocities  of  its  center 
are  determined.  By  substituting  these  quantities  in  the 
initial  equations  of  motion,  the  parameters  of  the  motion 
of  the  body-liquid-bubble  system  are  determined.  The  fol¬ 
lowing  particular  cases  are  examined:  1)  the  liquid  (with¬ 
out  a  bubble)  performs  a  translatory  motion;  this  can  happen 
when  the  body  is  in  translation  or  if  the  cavity  is  a  sphere; 
and  2)  the  body  with  liquid  and  bubble  is  subject  to  an  impact 
so  that  all  parameters  change  suddenly  and  Q,  T,  and  K  receive 
finite  Increments.  Under  these  conditions,  the  deformation 
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of  the  bubble  Is  taken  Into  aooount  and  it  la  proven  that 
this  consideration  has  no  effect  on  the  Increase  of  the 
kinetic  energy.  Formulas  for  determining  the  behavior  of 
the  system  under  Impact  are  derived.  The  Instability  of  the 
positional  equilibrium  of  the  bubble  in  the  steady  potential 
flow  of  a  perfect  incompressible  liquid  is  discussed. 

The  consideration  of  the  surface  tension  of  the  liquid 
in  solving  the  problem  of  motion  of  a  body  with  a  cavity 
filled  with  liquid  plays  an  essential  role  under  conditions  j 

of  weightlessness.  The  stability  of  motion  of  a  liquid-filled  i 

solid  and  of  its  equilibrium  with  the  surface  tension  of  the  1 

liquid  taken  into  account  is  discussed  in  [846].  The  cavity 
is  completely  filled  with  two  homogeneous  incompressible, 
immiscible,  perfect  liquids  possessing  surface  tension  and 
subjected  to  mass  forces.  The  cavity  has  no  protruding 
elements  (e.g.  ribs)  in  the  neighborhood  of  the  line  where 
the  Interface  of  both  liquids  contacts  the  wall  of  the  cavity. 

The  formulation  of  the  problem  also  covers  the  cases  when  one 
liquid  is  surrounded  by  the  other  one  and  does  not  touch  the 
wall,  and  when  the  cavity  is  partly  filled  by  only  one  liquid, 
with  air  under  pressure  or  vacuum  above  it.  The  equations  of 
motion  of  thw  system  and  the  boundary  conditions  (in  which  the 
presence  of  the  surface-tension  forces  on  the  interface  of 
both  liquids  is  considered)  are  derived  by  applying  the  prin¬ 
ciple  of  least  action  in  the  Hamllton-Ostrogradskiy  ferm. 

It  is  shown  that  under  the  conditions  discussed,  the  total 
mechanical  energy  of  the  system  (kinetic  energies  of  the 
solid  and  liquid,  potential  energy  of  external  foroes,  and 
surface  energy  of  the  liquid)  la  constant  during  the  motion. 

Differential  equations  describing  the  shape  of  the  interface 
of  liquids  in  equilibrium  or  steady  motion  are  derived  (assuming 
a  continuity  in  the  motions  of  the  body  and  of  the  liquid), 
and  the  form  of  the  interface  In  the  cases  mentioned  above 
Is  discussed.  The  stability  of  the  equilibrium  or  of  the 
steady  motion  of  a  body-liquid  system  Is  analysed  and  sta¬ 
bility  criteria  for  equilibrium,  steady  motion,  and  relative 
equilibrium  (in  uniform  rotation)  of  the  system  are  derived. 

The  validity  of  these  criteria  in  cases  of  a  viscous  liquid 
(with  and  without  surface  tension)  is  proven. 

The  nonlinear  problem  of  the  oscillation  of  a  perfect 
incompressible  liquid  in  a  vessel  of  finite  dimensions  under 
the  action  of  gravity  and  surface-tension  foroes  is  presented 
in  [847]  in  variational  formulation,  which  permits  the  use  of 
direct  methods  in  its  solution.  The  liquid  fills  a  part  of 
the  vessel,  and  the  rest  is  occupied  by  gas,  so  that  coeffl- 
j  dents  of  surface  tension  on  the  gas-vessel,  liquid-vessel, 
j  and  gas-liquid  Interfaces  are  distinguished.  The  gas  over  the 
I  liquid  is  assumed  to  be  at  rest,  and  its  mass  is  neglected, 
j  The  Hamiltonian  principle  for  real  motions  is  applied  to  the 


solution  of  ths  problem*  using  the  Lagranglan  funotlon 
L  ■  T  -  n  (shore  T  and  fl  are  the  kinetic  and  potential 
energies  of  the  vessel-llquld-gas  system)  and  the  Hamiltonian 
Integral  of  aotion 

J  ■  |  Ldt, 

irhi oh  assumes  a  stationary  value*  i.e.,  iJ  ■  0.  The  problem 
of  determining  the  motion  parameters  of  the  liquid  oan  thus 
have  a  variational  formulation*  the  problem  being  to  find 
among  the  functions  satisfying  the  boundary  oonditlona  those 
which  also  satisfy  the  condition  «J  ■  0.  It  is- proven  that 
this  formulation  is  equivalent  to  the  conventional  formulation 
of  the  problem  of  the  motion  of  a  perfect  incompressible  liquid 
in  a  fixed  vessel  under  the  aotion  of  gravity  and  surface* 
tension  foroes.  Examples  of  finding  the  functions  satisfying 
the  condition  dj  »  0  In  particular  oases  of  motion  and 
equilibrium  of  a  liquid  in  a  vessel  of  finite  dimensions 
are  given. 


Concluding  Remarks 

As  oan  be  seen  from  both  the  annotated  bibliography  and 
the  comprehensive  report*  the  Conmunlst-World  scientific 
technical  literature  In  the  fields  closely  related  to  the 
reentry  problem  is  very  rich.  Especially*  the  aerodynamic 
heating,  ablation*  and  ablation  shielding  of  spaoe  vehicles, 
their  flight  dynamics  and  control*  and  the  dynamics  of  liquid 
filled  bodies  are  fields  of  space  science  very  Intensively 
studied  by  Communist- World  scientists. 


The  mathematical  methods  utilised  in  the  Investigations 
in  those  fields  are  so  selected  that  they  can  be  adapted 
easily  for  calculation  on  high-speed  electronic  computers 
which  are  widely  used  in  the  USSR. 


-  62  - 


SPACECRAFT  UTILIZING  HE  LIFTING  FEENTRjC  TECHNIQUE 

PART  II 


Section  II  -  Annotated  bioliopraphy 


ATD  Work  Assiflrwent  No.  !>2 
(Report  no.  1  in  this  aeries) 


SUCTION  II 


ANNOTATED  BIBLIOGRAPHY 
TABLE  OP  CONTENTS 


Group  A.  Aeromechanics  of  Hlgh-Soeed  Flows 

A-l  aerodynamics:  Supersonio  and  Hypersonic.  .  1 

A- 2  Aerodynamics  of  Bodies .  74 

A- 3  Testing  and  Research  Facilities . 134 


Group  B.  Aerothertoodynamics  of  Higa-Speed  Flows 

B-l  Aerothermophyslcs . .  137 

B»2  Aerothermal  Structural  Response  .  180 


Group  0.  Flight  Mechanics 

C-l  Aerodynamic  Performance,  Stability  and 


Control . 190 

C-2  Reentry  Dynamics . 202 


Group  Strength  of  Spaoe  Vehicle  Components  ....  203 


Group  E.  Miscellaneous . . . 263 

Appendix  A.  Abbreviations  of  Sources  Used  in  this 

Report.  . . 267 

Ajpendix  B.  Glossary  of  Abbreviations . 273 

Appendix  C.  Alphabetical  List  of  Authors . 276 


GROUP  A  AEROMECHANICS  OP  HIGH-SPEED  PLOWS 

A-l  Aerodynamics,  Supersonic  and  Hypersonic 
Turbulent  and  laminar  Plow 
Boundary  Layer  Plow 
Shock  Waves 
Rarefied  Gas  Flovfs 
Hypersonic  Plow  Similarity  Theory 


AERODYNAMICS ,  SUPERSONIC  AND  HYPERSONIC 


A-l 

1.  Domini  tsyn,  A.  (Moscow).  fb»  boundary  layer  in  a  com¬ 
pressible  tan. 

Tmaslatlon:  Nrpa*a,  No.  445  • 


v,  6,  no.  6 
449-486 


2 .  Levinson,  la.  Z.  An  imwastlgstlon  of  the  stability  of 
aupertomle  can  flows  in  connection  with  the  duality 
of  the  solution  of  the  shock-wave  theory. 


.1945 

v.  9,  no.  2 
151-170 


3,  Dorodnltsyn,  A.  A.,  and  L.  O.  Loytsyanskly  (Moscow). 
On  the  theory  of  the  transition  fron  the  laalnar  to 
the  turbulent  boundary  layer. 


FBMe 

▼.  9,  no.  4 
269-865 


Translation:  Perganon,  No.  445 


4.  Landau,  L.  Shock  waves  at  a  large  distance  froa  their  FMfe 

point  of  origin.  v.  9,  no.  4 

266-292 

The  phenoaenon  of  the  appearance  of  two  waves  follow¬ 
ing  each  other  is  described,  and  the  shapes  of  these 
waves  and  the  lav  of  the  decrease  of  their  intensity 
are  deteralned.  In  addition,  the  propagation  of 
spherical  Impact  waves  at  large  distances  from  the 
point  of  explosion  is  Investigated. 


5.  Sedov,  L.  I.  Sone  unsteady  motions  of  a  compressible 
fluid. 

A  number  of  exact  solutions  of  the  equations  of  motion 
of  compressible  gases  are  given  for  the  case  of  plane 
waves  end  for  notion  with  cylindrical  and  spherical 
symmetry. 


Ptete 

v.  9,  no.  4 
295-311 


6.  Sadov,  L.  X.  (Moscow).  Propagation  of  strong 
discontinuity  wav«ra. 

Translation:  Psrganon,  No.  1223. 


1946 

nr 

v.  10,  no.  2 
241-250 


-  1  - 


7.  Nlkol'tkly,  A.  A.,  and  0.  I.  Taganov.  Oat 
■otlon  in  a  looal  tuptrtonio  ton*  and  too* 
oonditlont  of  potential  flow  breakdown. 


PMMe 

v.  10,  no.  4 
431-502 


8.  Zel'dovich,  Ya,  B.  Theory  of  ahook  wavtt  and  Monogr  an 
Introduction  to  gat  dynamics.  SSSR, 


9-  Prankl 1 ,  P.  J.  Shook-wave  formation  in  tub- 
sonic  flows  with  looal  tuptraonic  velocities, 


1947 


v.  11,  no.  1 
199-^02 


10.  Khrir tyanovich,  S.  A.  Approximate  integration 
of  aupersonlo-flow  equations* 

An  approximate  solution  is  obtained  in  a 
simple  analytical  form  for  a  plane  super¬ 
sonic  gat  flow. 


PlOlt 

v.  11,  no.  2 
215-282 


ll»  F&l’kovlch,  S.  V.  Two-dimensional  motion  of 
gas  at  high  supersonic  velocities. 

A  method  of  approximate  Integration  it 
shown  whloh  yields  sufficiently  exact 
results  at  N  >  4.  Similarity  criteria 
for  the  investigation  of  experimental 
data  obtained  in  wind  tunnels  are  also 
given. 


v.  11.  no.  4 
459-464 


-  2  - 


1953 


Qoroshohenko,  L.  B.  Problem  of  calculating 
gaa  motion  in  a  local  shockless  super¬ 
sonic  cone. 


Zt  la  assumed  that  the  flow  is  adiabatic, 
•toady,  nonviscous,  and  without  vortices. 
The  flow  and  the  II  valuea  are  determined 
for  regimes  whloh  do  not  exceed  limiting 
conditions  of  a  shockless  flow. 


tub 

v.  17,  4 

423-430 


Ohernyy,  0.  0.  One -dimensional  unsteady  mo¬ 
tion  of  a  perfect  gas  with  a  strong  shock 

wave. 

Translation*  Friedman,  M.  D.,  Ho.  C-107* 


1956 

TS0T3SSR 
v,  107,  no.  5 
657-660 


Ihrletyanovloh,  S.  A.  Shock  wave  at  a  large 
distance  from  the  point  of  explosion. 


PUN* 

v.  20,  no.  5 
599-605 


Kogan,  M.  N.  Some  properties  of  three -dimen-  -  PMMa 

slonal  supersonic  flow.  v.  20.  no.  5 

661-6&S 

Some  properties  of  supersonic  flows  are 
discussed  which  make  it  possible  to  es¬ 
tablish  an  analogy  with  two-dimensional 
flows,  to  perform  a  number  of  qualitative 
deductions,  and  to  simplify  the  calcula¬ 
tion  of  flows  past  some  classes  of  wings. 


Xl'yushln,  A.  A.  The  law  of  plane  sections  in  PNMe 

the  aerodynamics  of  high  supersonic  speeds.  v.  20,  no.  6 

733-755 

The  development  and  application  of  the  law 
of  plane  sections  and  the  equivalence  princi¬ 
ple  to  various  problems  of  hypersonic  flow 
over  a  lifting  surfaoe,  a  cone,  and  wedge 
are  discussed. 


1957 

17.  Chemyy,  0.  0.  Adiabatic  perfect-gas  flows  haw  OTH 
with  vary  strong  shook  wavas.  no.  3 

66-81 

An  approximata  mat hod  of  calculating  tha 
parameters  of  one -dimensional  unsteady 
gas  flows  with  vary  strong  and  moderate 
shook  wavas  is  given.  Tha  method  is  based 
on  representing  the  solution  of  equations 
of  motion  in  form  of  series  in  powers  of 
a  parameter  containing  the  heat -capacity 
ratio.  The  piston -motion  and  the  point - 
explosion  problems-  are  discussed. 


18.  Orodzovskiy,  0.  L.  Some  special  features  of  XzAN  OTN 

flow  about  bodies  at  high  supersonic  ve-  no.  6 

locltles.  86-92 

A  simplification  of  tne  investigation  of 
supersonic  flows  (at  K-»>)  is  made,  and 
the  solution  of  a  number  of  variational 
problems  in  the  first  approximation  is 
indicated  by  an  analysis  of  some  special 
features  of  these  flows. 


19  •  Shmyglevskiy,  Yu.  D.  Some  variational  prob¬ 
lems  in  the  gas  dynamics  wf  ax 1 symmetrical 
supersonic  flows. 


PMMe 

v.  21,  no.  2 
195-206 


20.  Yur’yev,  1.  N.  Three-dimensional  supersonic  PNNs 

flow  of  gas  represented  as  a  surface  in  the  v.  21,  no.  2 
region  of  a  velocity  hodograph.  303?304 

Th«  general  solution  of  flow  equations  of 
gases  of  this  class  is  presented  in  a 
linearised  form. 


21.  Dem'yanov,  Yu.  A.  (Moscow).  Formation  of  a  PIMs 

boundary  layer  on  a  plate  with  a  moving  v.  21,  no.  3 

shock  wave.  368-374 


-  4  - 


22.  lordanskiy,  S.  V.  (Moscow).  Stability  of  a 
plana  stationary  shook  wava. 

The  stability  of  a  plana  stationary  shock 
wava  is  etudled.  Differential  aquations 
for  pressure  disturbances  and  boundary 
conditions,  and  equations  for  disturbance 
of  the  shook -wave  surface  are  derived. 


PMMe 

v.  21.  no.  4 
465-467 


23.  Dem’yanov,  Yu.  A.  (Moscow).  The  effect  of 
the  boundary  layer  on  the  gas -flow  pattern 
in  a  tube  behind  a  moving  shock  wave. 


PMMe 

v.  21,  no.  4 
473-477 


24.  Lun'kln,  Yu.  P.  Boundary -layer  equations  with  PMMe 

boundary  conditions  for  a  motion  in  extremely  v.  21,  no.  5 
rarefied  gases  at  supersonic  velocities.  597-605 

On  the  basis  of  Prandtl's  theory,  boundary- 
layer  equations  are  obtained  which  differ 
from  Prandtl's  equations  by  additional 
terms  containing  higher-order  derivatives 
of  velocity  and  temperature.  In  these 
equations,  the  normal  pressure  gradient 
is  distinct  from  zero  and  is  expressed 
through  additional  terms.  The  appli¬ 
cability  range  of  these  equations  as  re¬ 
lated  to  velocities  and  altitudes  is  given. 


25.  Lunev,  V.  V.  (Moscow).  Application  of  the 
method  of  small  perturbations  to  laminar 
boundary -layer  problems.  - 

Ths  method  of  small  perturbations  is  ap¬ 
plied  to  problems  of  the  supersonic 
boundary  layer  on  thin  bodies  or  bodies 
differing  little  from  a  wedge  or  cone. 


PMMe 

v.  21,  no.  5 
606-614 


O 
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2 6.  Zel'dovleh,  Ya.  B. ,  and  Yu.  P.  Rayzer.  UsFN 

Large -amplitude  shock  waves  In  gaeea.  v.  63,  no.  3 

6l3-o4l 

Various  physical  processes  in  the  shock- 
wave  front  are  discussed  and  their  ef¬ 
fect  on  the  inner  structure  of  the  front 
1s  evaluated. 


27.  Oodunov,  S.  K.  A  finite  difference  method 
for  calculating  shock  waves. 


UsMN 
v.  12, 
176-177 


no.  1(73) 


2d.  .Poluboyarlnov,  A.  K.  Solution  of  equations 
•  for  an  ax 1 symmetrical  supersonic  gas  flow 
linearized  In  relation  to  the  flow  from 
the  gas  source. 

A  solution  for  linearized  equations  of 
flow  and  boundary  conditions  is  obtained 
by  using  Qoursat  and  Cauchy  functions. 


VeLUMMeAs 
no.  3 
102-112 


29.  Fedayevskiy,  K.  K. ,  and  A.  S.  Qinevskiy  (Mos-  ZhBTF 

cow).  A  method  of  computing  the  turbulent  v.  27,  no.  2 
boundary  layer  with  a  longitudinal  pressure  309-326 
gradient . 

Methods  are  developed  which  can  also  be 
used  for  determining  the  value  of  the  local 
friction  coefficient  and  the  separation 
point  in  the  first  approximation. 


30.  Zel’dovlch,  Ya.  B.  Large -amplitude  shock 

waves. 

A  study  of  the  state  of  air  compressed  by 
strong  shock  waves,  taking  dissociation 
and  ionization  into  account  is  reported. 


ZhBTF 

v.  27,  no.  5 
1126-1135 


-  6  - 


31.  Dwfam,  L.  A*  Thermal  boundary  layer  on  a 
rotating  disk. 

An  investigation  of  the  thermal  boundary 
layer  on  a  rotating  disk,  and  a  derivation 
of  the  equation  of  turbulent  motion  for  an 
incompressible  fluid  art  presented. 


1958 

#AN  fcSSR 
v.  119,  no.  6 
1110-1112 


32.  Qrigor'yan,  S.  S.  (Moscow  State  University). 
Some  exact  solutions  of  gas  dynamics  equa¬ 
tions. 

Exact  solutions  of  equations  of  motion  of 
an  ideal  heat  nonconducting  gas  with  a 
shock  wave  are  analyzed,  and  the  problem 
of  generating  in  the  sume  region  a  second 
shook  wave  which  will  never  overtake  the 
first  wave  is  discussed. 


DAN  SSSR 
v.  121,  no.  4 
606-609 


33.  Sitnikov,  /C.  A.  Invariants  of  homogeneous  and  DAN  SSSR 

isotropic  turoulence  in  a  compressible  vis-  v.  122,  no.  1 
cous  fluid.  29-32 

These  invariants  are  derived  from  the  hy¬ 
drodynamic  al  equations  expressing  the 
conservation  of  momentum,  mass,  and 
energy  for  homogeneous  and  isotropic 
flows.  A  flow  with  nonzero  invariants 
and  the  damping  of  homogeneous  and  iso¬ 
tropic  turbulence  in  the  last  stage  in 
an  ideal,  viscous,  heat  conducting  gas 
are  discussed. 


34.  Shlkin,  I.  S.  (Moscow  State  University). 

Exact  solutions  of  equstlons  of  one-dimen¬ 
sional  gas  dynamics  with  shock  and  detona¬ 
tion  waves. 


DAN  SSSR 
v.  122,  no.  1 
33-36 


-  7  - 


3'j.  Vorob'yev,  0.  S.  Approximate  Analytical  rap-  DAN  SSSR 

resentatlon  of  two-dimensional  supersonic  v.  122,  no.  5 
gas  flows.  778-781 

A  procedure  Is  developed  for  the  approx¬ 
imate  analytical  representation  of  two- 
dimensional  supersonic  gas  flows,  includ¬ 
ing  solution  of  specific  boundary  problems. 


36.  Serglyenko,  A.  A.,  and  V.  K.  Gretsov.  Boun¬ 
dary-layer  transition  from  turbulent  to 
laminar. 

An  experimental  Investigation  of  boundary- 
layer  transition  showing  the  presenoe  of 
reverse  transition  from  turbulent  to 
laminar  In  the  case  of  large  negative 
pressure  gradients  In  the  supersonic 
nozzle  Is  reported. 


DAN  SSSR 
v.  125,  no. 
7*6-747 


37.  Sherenkov,  I.  A.  The  plane  problem  of  the 

turbulent  flow  of  an  Incompressible  fluid. 

A  simplified  method  Is  proposed  for  solving 
the  plane  problem  of  turbulent  flow  by  the 
method  of  characteristics.  The  solution  of 
the  Initial  equations  by  this  method  is  dis¬ 
cussed  for  the  following  cases:  In  the  re¬ 
gion  of  a  simple  centered  wave,  In  the  re¬ 
gion  of  interaction  of  two  simple  centered 
waves,  and  without  any  assumption  of  the 
existence  of  centered  waves. 


IzAN  OTN 
no.  1 
72-78 


3*3.  Munshtukov,  D.  A.  The  hydraulic  analogy  for  IzVU2-AvT 
unsteady  motions  of  liquids  and  gases.  no.  2 

20-28 

Thfc  extension  of  the  hydraulic  analogy  to 
the  case  of  unsteady  motions  of  liquids 
and  gases  la  presented.  The  theoretloal 
results  are  compared  with  experimental  data; 
the  technique  and  equipment  used  are  de¬ 
scribed. 


-  8  - 


39.  Kostyohev,  a.  Z.  On  solution  of  a  variation¬ 
al  supersonic -now  problem. 

Tha  results  of  pravlous  Investigations  on 
determining  tha  shape  of  minimum-wave -dreg 
bodies  and  tha  parameters  of  axlsymmetrlc 
hypersonic  flows  are  generalised  to  de¬ 
termine  the  shape  of  a  body  of  revolu¬ 
tion  with  minimum  wave  drag  In  a  given 
disturbed  flow. 


IzVUZ  AvT 


no.  3 
3-7 


4o.  Kochlna,  N.  N.  (Moscow),  and  N.  S.  Mel'nikov 
(Moscow).  Strong  point  blasts  In  a  com¬ 
pressible  medium. 


Translation!  J.  Appl.  M.  M. ,  v.  22,  no.  1, 
1-19 


PMMe 

v.  22,  no.  1 
3-15 


Self -similar  solutions  to  the  problem  of  a 
strong  point  detonation  are  given  for  three 
new  types  of  equations  of  state  for  an  Ideal 
medium. 


4i.  Tretyakov,  M.  V.  (Novosibirsk).  Plow  around 
permeable  contours. 

• 

The  problem  of  flow  around  an  arbitrary, 
smooth,  dosed,  uniformly  permeable  con¬ 
tour  in  a  potential  stream  of  Ideal  fluid 
Is  analysed. 


PMMe 

v.  22,  no.  2 
220-225 


42.  Ryzhov,  0.  S.  Some  degenerate  transonic 
flows. 

Transonic  motions  of  an  Ideal  gas  which 
are  represented  in  the  velocity  hodo- 
graph  by  a  curve  or  by  a  surface  are 
analysed.  A  class  of  self-similar  solu¬ 
tions  representing  plane  and  axially 
symmetric  flows  is  given. 


PMMe 

v.  22,  no.  2 
260-264 
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ii3.  Korobeynikov,  V.  P.  (Institute  of  Mechanics,  PMMe 

AS  USSR),  and  Ye.  V.  Ryazanov,  Ye.  V.  (Kos-  v.  22.  no*  2 
oow  State  University).  265-208 

Exact  discontinuous  solutions  are  derived 
for  the  equations  of  one-dlmenslonal  un¬ 
steady  motion  of  an  Ideal  gas  in  the 
presence  of  shock  waves. 


4ii.  Kopylov,  a.  N.  (Leningrad).  On  similarity  of 
transonic  plane  flows. 

A  simplification  of  the  basic  equations  of 
motion  Is  given,  based  on  the  assumptions 
that  the  Mach  number  of  the  upstream  flow 
is  close  to  unity,  velocities  of  the  flow 
are  slightly  different  from  the  upstream 
velocity,  and  the  direction  of  the  velocity 
vector  is  only  slightly  different  from  the 
direction  of  flow  away  from  the  body. 


note 

v.  22,  no.  3 
391-395 


**5.  Rozln  u.  A.  (Leningrad).  The  development  of 
a  .a.alnar  boundary  layer  on  a  plate  with 
pulsed  motion. 

study  of  the  laminar  boundary  layer  In 
vhe  case  of  a  semi -infinite  flat  plate 
moving  in  an  Incompressible  viscous  fluid 
is  reported. 


PMMe 

v.  22,  no. 
407-412 


3 


46. 


Kogan,  M.  N'.  Equation  of  motion  for  rarefied 
gases. 

Distribution  functions  are  obtained  In  any 
desired  approximation  by  simplification  of 
the  Boltzmann  equation.  This  makes  It  pos¬ 
sible  to  determine  the  error  of  any  epee If ie 
approximation  in  rarefied  gas  flow. 


pMU 

v.  22,  no.  4 
425-432 
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47.  Ryshov,  O.  S. ,  and  3.  A.  Xhrlstlanovleh.  Non¬ 
linear  reflection  of  weak  shock  waves. 

Tha  exact  (p..‘tlal)  solutions  fop  tha  da- 
rivad  nonlinear  differential  aquations 
are  usad  to  solve  approximately  tha 
problem  of  nonllnaar  diffraction  In  tha 
oasa  of  a  rigid  wall,  and  angles  of  at¬ 
tack  near  tha  orltleal  angle. 


Jtd.  Ryasanov,  Ye.  V.  (Mathematical  Institute,  AS 
USSR,  Moscow) .  Exact  solutions  for  one- 
dlmenslonal  gas  dynamics  aquations  In  tha 
presence  of  shook*. 

Solutions  of  first-order  differential  aqua¬ 
tions  of  the  Rlcatti  type  are  given  for 
arbitrary  values  of  variables. 


149 *  Oinevskiy,  A.  S.  (Moscow),  and  Ye.  Ye. 

Solodkln.  The  effect  of  transverse  surface 
curvature  on  the  characteristics  of  an  axl- 
symmetrlc  turbulent  boundary  layer. 

An  approximate  solution  of  the  problem  of  an 
axisymmetrlc  turbulent  boundary  layer  on 
concave  and  convex  surfaces  le  given,  tak¬ 
ing  Into  account  the  longitudinal  pressure 
gradient  and  the  transverse  surface  curva¬ 
ture. 


SO.  Rozln,  L.  A.  (Leningrad).  An  approximate  me¬ 
thod  for  calculating  nonstationary  turbulent 
boundary  layer  In  an  Incompressible  fluid. 

The  development  of  an  approximate  method  for 
calculating  the  unsteady  turbulent  boundary 
layer,  based  on  the  analogy  between  laminar 
and  turbulent  unsteady  layers  Is  presented. 


PMMe 

v.  32,  no.  5 
586-599 


PMMe 

v.  22,  no.  5 
780 


PMMe 

v.  22,  no.  6 
819-825 


PMMe 

v.  22,  no.  6 
842-847 
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*»i*  Bar  gl  as  an,  A.,  and  0.  Pop*.  A  contribution 

to  the  theory  of  turbulence  over  a  thin  pro 
fila. 

A  method  is  developed  for  determining  vor¬ 
tex  distribution  over  a  thin  profile,  ap¬ 
plicable  to  the  oaee  of  an  arbitrary  thin 
profile,  without  introducing  any  limita¬ 
tions  on  curvature  or  angle  of  attack* 


,2  Oollteyn,  0.  S.  (Institute  of  Atmospheric  ZhETF 

Physics,  AS  USSR),  and  K.  P.  Stanyukovich  v>  35*  no-  3 
(Moscow  State  University).  Some  remarks  on  820-830 
the  structure  of  shock  waves. 

A  qualitative  investigation  of  some  aspects 
of  the  physical  structure  of  a  normal  shock 
wave  In  magnet ©hydrodynamics  is  presented. 


1959 

53.  Shkadov ,  V.  Ya.  (Moscow  State  University).  OTT  SSSR 

Integration  of  boundary-layer  equations.  v.  126,  no. 4 

730-732 

The  development  of  a  method  used  to  reduce 
the  calculation  of  boundary  layers  described 
by  partial  nonlinear  differential  equations 
to  the  solution  of  boundary  problems  for 
ordinary  linear  differential  equations  is 
given. 


54.  Blyboaunov,  I.  An  example  of  plane -parallel  DAM  SSSR 

transonic  gas  flow  with  a  curved  shock  v.  126,  no.  5 

wave  ending  in  a  flow  with  a  stream  func-  951-952 
tion  of  the  form  4^  -  p*^  f^(®/p)  . 

An  example  of  transonic  gas  flow  with  a 
shock  wave,  with  supersonic  speed  being 
converted  to  subsonic  and  ending  In  the 
stream  function  cited  in  the  title  Is 
presented.  This  example. is  an  extension 
of  an  example  previously  cited  by  P.  I. 

Prankl'  (Prankl 1 ,  P.  I.,  IVUZ,  Mateoatlka, 
no.  2,  1959)*  The  solution  is  obtained 
by  the  method  of  characteristics  and 
.gives  the  coordinates  of  the  shock,  of 
the  zero  flow  line  from  the  end  of  the 
shock  downstream,  and  the  sonic  line. 


-  12  - 


StuCeMsAp  . 
Jan-Jun  58 
57-71 


Ryazanov ,  Ye.  V.  Examples  of  exact  solutions 
for  the  propagation  of  explosion  waves  In  a 
gravitating  gae  with  zero  temperature  gra¬ 
dient. 


The  work  presented  In  this  article  Is  a  con¬ 
tinuation  of  the  formulations  of  self -simi¬ 
lar  problems  and  exact  solutions  of  equa¬ 
tions  describing  unsteady  adiabatic  motions 
of  gae  stellar  models  (explosions  and 
dynamic  disruption  of  equilibrium)  previously 
given  by  L.  X.  Sedov.  Analogous  exact  solu¬ 
tions  are  given  here  for  the  propagation  of 
explosion  waves  In  a  perfect  gas  with  Its 
own  gravitational  field  (with  spherical 
symmetry)  under  the  assumption  of  absence 
of  temperature  gradients. 


56.  Oalln,  0.  Ya.  Shock  wave  theory. 

This  article  deals  with  the  problem  of 
whether  the  equation  of  motion  used  In 
theoretical  studies  of  the  structure 
and  width  of  a  shock  front,  with  vis¬ 
cosity  and  heat  conductivity  taken 
into  account,  has  a  continuous  solu¬ 
tion  In  the  case  of  media  with  an 
arbitrary  equation  of  state  and  the 
consequsnces  stemming  from  regarding 
shock  transitions  as  the  limit  of 
these  solutions. 


57.  Lyubimov,  0.  A.  High  supersonic  flows  of  a 
ron-ideal  gas  around  bodies. 

The  small -parameter  method  developed  for 
an  ideal  gas  is  extended  to  the  case  of 
non-ideal  gas  flows  around  plane  contours 
and  bodies  of  revolution  when  the  internal 
energy  of  the  gas  is  an  arbitrary  function 
of  the  pressure  and  the  temperature.  The 
application  of  this  method  to  flow  of  air 
around  a  cone  is  used  as  an  example. 


DAN  SSSR 
v.  126,  no.  5 
955-957 


DAN  SSSR 
v.  127,  no.  1 
55-58 


IzAN  Me  Ha 
no.  1 
173-178 
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t>8.  Lyakhov,  0.  M.  (Moscow),  and  N.  I.  Polyakova  IsAN  McKa 
(Mosoow).  An  approximate  method  for  analyala  no.  2 
of  shook  waves  and  their  interactions.  13-18 

The  method  proposed  is  based  on  replacing 
the  pressure -volume  curve  by  a  broken  line 
consisting  of  linear  segments.  Expressions 
are  derived  which  determine  the  motion  of 
the  wave  front  and  the  flow  behind  the  wave 
in  these  sections.  The  application  of  the 
method  to  incident  and  reflected  shook  waves 
is  discussed. 


59.  Churlkov,  P.  S.  On  a  form  of  supersonic  gas 
flow  equations. 

It  is  shown  that  various  linearized  gas- 
dynamics  and  other  equations  of  mathe¬ 
matical  physics  can  be  transformed  into 
"compact"  equations  (partial  differen¬ 
tial  equations  having  only  one  mixed 
derivative)  if  the  initial  and  boundary 
conditions  Eire  transformed  accordingly.  The  ad¬ 
vantages  associated  with  integration  of 
"compact"  equations  are  pointed  out. 


6 a.  Reglrer,  S.  A.  (Vorkuta).  The  unsteady  asymp¬ 
totic  boundary  layer  over  an  infinite  porous 
plate . 

The  parameters  of  the  asymptotic  boundary 
layer  on  an  infinite  porous  plate  in  an 
unsteady  compressible  flow  with  uniform  suc¬ 
tion  over  the  whole  plate  is  discussed. 


6i.  Prankl',  P.  I.  (Kabardlno-Balkarskiy  IsVUZ  M 

University).  A  new  example  of  a  plane-  no.  2 
parallel  transonic  flow  with  a  straight  244-246 
compressibility  jump*  terminating  in  the 
flow. 


IzAN  NeMa 

no.  4 
136-139 


IzAN  MeMa 
no.  3 
204-207 
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62.  Pol’skiy,  N.  I.  Self -similar  solutions  of 
equations  for  the  laminar  boundary  layer 
In  an  Inooopreaslble  liquid  with  heat 
exchange. 

The  results  of  finding  all  the  self- 
slmllar  solutions  by  direct  application 
of  methods  elaborated  by  Pol'skiy, 

A.  Sh.  Dor f man,  and  P.  N.  Romanenko  are 
presented. 


63,  Adams kly,  V.  B. ,  and  N.  A.  Popov.  A  gas 
motion  caused  by  pressure  on  the  piston 
varying  according  to  a  power  law. 

An  lntegro-dlfferentlal  equation  is 
derived  for  plane  motion  of  a  gas 
produced  by  a  power -law -variable 
pressure  on  the  piston.  The  same 
equation  describes  the  motion  caused 
by  a  short  Impact.  An  expansion  is 
fr^nd  which  serves  as  a  good  approximate 
solution  of  this  problem.’  Self -similar 
solutions  of  the  problem  and  the  behavior 
of  hydrodynamic  variables  close  to 
the  plrton  are  discussed. 


fit,  Pashchenko,  N.  T.  Plow  of  a  highly  rare¬ 
fied  gas  past  oscillating  surface. 

The  total  force  acting  on  a  unit  of  a 
surface  of  a  body  in  a  translational 
motion  and  performing  small  transient 
movements  is  determined  as  well  as  the 
pressure,  friction,  et  cetera,  caused  by 
the  components  of  this  force.  The 
application  of  the  free -molecule -flow 
method  to  analyze  the  flow  past  surfaces 
with  concavities  is  jdlscussed  and  limita¬ 
tions  on  the  shape  and  motion  of  such 
surfaces  are  obtained. 


IzVUZ  AvT 

no.  3 
13-15 


PMMe 

v.  23,  no.  3 
564-573 


PMMe 

v.  23,  no.  4 
760-705 
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•  6C3.  Zhigulev,  V,  N.,  and  Yu.  L.  Zhilin. 
Bodies  with  minimal  wave  drag. 

Some  variational  problems  for  bodies 
with  minimum  drag  at  supersonic  velo¬ 
cities  are  investigated.  A  method 
proposed  by  A.  A.  Nikol'skiy  is  used 
for  determining  optimum  body  shape. 


PMMe 

v.  23,  no.  6 
1019-1029 


66.  Zysina-Moloshen,  L.  N.  (Central  Sol*  ZhETF 

entlflo  Research  Institute  of  Boilers  v.  29,  no.  ^ 

and  Turbines,  Leningrad.).  A  study  637-639 

of  a  longitudinal  pressure  gradient 
on  the  development  of  a  boundary 
layer. 

An  experimental  Investigation  for 
positive  and  negative  values  of  the 
longitudinal  pressure  gradient  is 
reported.  Studies  were  made  for  ten 
pressure  patterns  along  the  surface 
over  which  the  flow  occurred. 


67.  Zel'dovioh,  Ya.  B.  Converging  oylindri-  ZhETF 

cal  detonation  wave.  v,  36,  no.  3 

782-792 

The  properties  of  detonation  waves 
dose  to  the  normal  detonation  wave  are 
considered.  A  theory  of  the  amplifica¬ 
tion  of  a  converging  cylindrical  detona¬ 
tion  wave  is  proposed  which  exactly  des¬ 
cribes  tne  amplification  at  the  start  of 
the  process.  The  theory  gives  satisfactory 
results  even  for  small  radii  and  consider¬ 
able  amplification  of  the  wave. 
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68.  Khoherov*  R.  T a.*  and  L.  Rikenglaz.  Slip- 
velocity  and  temperature  jumps  at  tha 

boundary  of  a  gaa  alxtura. 

Iha  development  of  a  mat  hod  for  finding 
tha  boundary  oondltlons  for  the  hydro- 
dynamio  transfer  aquations  of  a  binary 
nonhomogene ou»  gas  alxtura  on  a  non¬ 
absorbing  solid  surfaoe  Is  given.  Tha 
oondltlons  taka  Into  aooount  slip-velocity 
and  tha  gas  Intarfaoa. 


6g.  Retukhov*  I.  V.  Numerical  integration 
of  laminar  boundary  layer  equations. 

A  method  is  presented  for  the  exact  inte¬ 
gration  of  the  equations  of  a  boundary 
layer  with  arbitrary  boundary  oondltlons. 
The  method  oan  be  generalized  for  the 
oaae  of  a  laminar  compressible  boundary 
layar. 


70.  Petukhov*  I.  V.  (Moscow).  Integration  InSb 

of  boundary  layer  equations  using  v.  30 

asymptotic  solutions.  149-169 


’1 .  Avduyevskly*  V.  S.*  and  R.  M.  Kopyat-  IzAN  MeMa 

kevlch.  Calculating  the  laminar  no.  1 

boundary  layer  in  a  compressible  3-11 

gas  in  the  presence  of  heat  transfer 
and  with  arbitrary  pressure  distribu¬ 
tion  over  the  surface. 


An  approximate  method  is  given  for 
calculating  laminar  boundary  layer 
with  heat  transfer  in  hypersonic 
compressible  gas  flows  with  a  high 
pressure  gradient.  Temperature 
variation  on  the  wall  and  Integral 
energy  correlation  are  taken  into 
aooount.  Flows  around  plane*  axisym- 
metrloal  blunt  bodies  and  bodies  with 
sharp  leading  edges  are  considered. 


I960 

OTTS 


SSR 

v.  132*  no.  2 
307-310 


ZhETF 

v.  36*  no.  6 
1758-1761 
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72.  Bogdanova,  V.  V.  A  laminar  three-  XzAN  MeMa 

dimensional  boundary  layer  with  no.  1 

longitudinal  and  transverse  tempera-  12-19 

ture  gradients. 

The  problem  Is  reduoed  to  the  solution 
of  ordinary  differential  equations  with 
variable  ooefflolenta.  Longitudinal 
and  transverse  veloolty  profiles  In  the 
boundary  layer,  the  lines  of  the  flow, 
and  the  magnitude  of  frlotlon  on  the 
surface  are  determined. 


k 


a 


73.  '  Ruminakiy,  A.  N.  Boundary  layer  In 

radiating  and  absorbing  media. 

A  system  of  approximate  partial  dif¬ 
ferential  equations  is  derived  with¬ 
out  any  unknown  Integral  radiant 
characteristics.  A  solution  Is  obtained 
for  a  laminar  boundary  layer  on  a  plate 
in  the  form  of  a  series  In  two  variables 
whose  terms  are  determined  by  means  of 
quadratures.  The  results  are  true  for 
gray  and  select ive  radiations. 


XzAN  MeMa 

no.  2 
47-53 


74.  Kup^sov,  V.  M.  The  method  of  characteristics 
for  an  axlsymmetrloal  equilibrium  flow  of 
real  gas. 


XzAN  MeMa 

no,  2 
138-144 


An  equilibrium  flow  of  gas  is  studied  at 
very  high  temperatures  and  high  pressures. 
Xt  Is  assumed  that  the  flow  Is  In  equili¬ 
brium,  without  heat  transfer  and  frlotlon, 
and  that  the  flow  Is  uniform  In  the  initial 
oross  section. 


i 

% 
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7*j,  Lerish,  S,  Aerodynamic  interaction  In 
tv—  moleoule  flow, 

Jr—  molecule  flow  around  several  bodies 
of  any  shape  (not  only  oonvex)  la  oon- 
aldarod  undar  tha  assumption  that  tha 
dimensions  of  tha  entlra  aystam  are 
smaller  than  tha  free  molecular  path. 

It  la  shown  that  tha  problem  may  be 
reduced  to  solving  one  linear  Integral 
aquation.  Slnoe  tha  form  of  this 
aquation  oolnoldaa  with  that  of  tha 
aquation  of  Illumination  theory,  a 
method  exists  for  simulating  its 
solution  which  amounts  to  making  photo¬ 
metric  measurements. 


70.  Bunimovich,  A.  I.  (Moscow).  The  effeot 
of  slip  on  the  separation  of  a  boundary 
layer. 

The  effect  of  rarefaction  on  velocity 
profiles  above  the  detachment  point  In 
flows  around  curved  surfaces  Is  dis¬ 
cussed.  Critical  pressure  gradient  Is 
considered. 


77,  Mezhirov,  I.  X.  Turbulent  boundary  layer 
of  a  real  compressible  gas. 

Equations  for  perfect  gases  are  derived 
from  equations  of  motion,  continuity, 
and  energy.  The  equations  are  genera¬ 
lized  and  applied  to  real  gases  (for 
example,  dissociated  air),  with  the 
enthalpies  substituted  for  the  tempera¬ 
tures. 


ISAM  Nells 

no.  3 
117-120 


IzAN  MeMa 

no.  5 
14-20 


PMMe 

v.  24,  no.  1 
93-99 
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70  Chemyy,  0.  G.  (Moscow).  The  application  PMMa 

of  integral  relationships  in  problems  of  v.  24,  no.  1 

strong  shook  waves.  121-125 

An  expression  is  derived  for  determin¬ 
ing  tne  parameters  of  propagation  of 
explosion  shook  waves  by  using  an 
Integral  relation  on  the  total  energy 
of  the  shook  and  the  piston  theory. 


V  .  Shldlovskiy,  V.  P.  (Moscow).  The  laminar 
boundary  layer  on  an  infinite  disk 
rotating  in  a  gas. 

The  laminar  boundary  layer  on  an  in¬ 
finite  disk  rotating  at  a  constant 
angular  velocity  in  a  viscous  gas  is 
calculated. 


Pavlov,  K.  B.  (Bauman  Higher  Teohnloal 
Institute).  Theory  of  Prandtl-M<-»yer 
motion. 

% 

The  development  of  the  theory  for  two- 
dimensional  motion  of  the  Prandtl-Meyer 
type  is  given.  The  particular  oase  of 
flow  in  the  presence  of  a  shock  wave 
ahead  of  the  body,  whose  intensity 
decreases  with  increasing  dlstanoe 
from  the  body,  is  covered. 


.1,  Dem'yanov.  Yu.  A.,  and  V.  N.  Shmanenkov. 
(Moscow).  On  investigating  inverse 
flows  in  the  region  of  a  turbulent¬ 
boundary-layer  separation. 


The  free- turbulence  pattern  is  used 
for  analysis  of  flows  in  the  region  of 


FMMe 

v.  24.  no.  1 
161-154 


PMNe 

v.  24.  no.  1 
165-106 


PMNe 

v.  24,  no.  2 
237-239 


ft  turbulent- boundary- 1 aye r  separation. 
Inverse  flows  In  the  stagnation  roglon 
are  taken  into  aooount.  Plana  and 
■  ilsji— trioal  problems  (suparsonlo 
•  flow  past  a  step  and  a  blunt  body  with 
a  nee da#  nose,  respectively)  ars  die- 
cussed. 


32.  Sychev,  V.  V*  On  ths  theory  of  hyper- 
aonio  gas  flows  wita  shook  waves 
described  by  power  functions. 

Plane  and  axisynmetrical  hypersonic 
gas  flows  with  strong  shooks  whose 
shape  is  given  by  power  functions  are 
discussed.  It  is  shown  that  a  cor¬ 
rection  is  necessary  if  utilising  the 
exact  solutions  for  solving  the 
corresponding  self-similar  gas-flow 
problems. 


PNMe 


V.  84, 
518-583 


no. 


3 


G3.  Iwnev,  V.  V.  Self-similar  case  of  hyper- 
sonio  flow  of  a  viscous ,  heat-conduct¬ 
ing  gas  past  an  axisymme trioal  body. 

An  example  of  the  flow  past  a  slender, 
axisymme trioal  body  at  M  1  is  discus¬ 
sed  for  ths  case  in  which  the  boundary 
layer  has  a  substantial  effect  on  the 
outer  flow.  It  is  shown  that  the 
solution  of  this  interaction  problem 
is  self-similar. 


PMMs 

v.  24,  no. 
548-550 


3 


S4.  Polyanskiy,  0.  YU.  Decay  of  shock  waves 
in  a  moving  medium  having  variable 
density  and  temperature. 

The  propagation  and decay  of  shock 
waves  are  studied  under  the  assumption 
that  they  are  weak  and  that  their 


PNMe 

v.  24,  no.  5 
912-915 
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length  Is  muon  smaller  than  the  chara¬ 
cteristic  dimensions  In  the  problem. 
Asymptotlo  formulae  are  derived  for  the 
excess  pressure  In  wave  fronts  having 
a  pressure  profile. 


,  Mikhaylova,  M.  ?.  (Moscow).  Motion  of  a 
spherical  piston  at  constant  velocity 
through  an  inhomogeneous  medium. 

The  motion  of  gas  behind  a  spherioal 
piston  moving  at  constant  velocity 
through  an  Inhomogeneous  medium  is 
studied.  The  shock  wave  formed  ahead 
of  the  piston  is  considered. 


:*.  Chuskhin,  P.  2.  (Computing  Center. 

Academy  of  Sciences  USSR,  Moscow) 

Blunted  bodies  of  simple  shape  In 
a  supersonic  gas  flow. 

A  method  of  characteristics  adapted  to 
computer  calculation  of  a  supersonio 
gas  flow  around  blunt  bodies  of  simple 
shapes  la  presented.  The  results  of 
calculation  made  by  this  method  are  given 
for  several  blunt  cones  and  we  i^es. 


of.  Sandulescu,  S.  (Institute  of  Applied 

Mechanics.  Rumanian  Academy  of  Sciences, 
Bucharest),  A  method  is  presented  for 
the  characteristics  of  a  three-dimension¬ 
al  boundary  layer. 


Frankl1,  P.  I.,  and  Voyshel',  V.  V. 
Turbulent  friction  in  the  boundary 
layer  of  a  flat  plate  in  a  two- 
dimensional  compressible  flow  at  high 
speed. 


PMMe 

v.  24,  no.  5 
919-922 


PMMe 

v.  24,  no.  5 
927-930 


StuCeMeAp  . 

v.  11,  no.  1 

61-77 


1937 

TsAeGII  Report 

no.  321 


TSAGI  Report  No.  321  (Transl.  as  NACA 
m  No.  1053  <19*3) 


Galanova,  2.  S.  The  laminar  boundary  layer 
on  a  plate  in  the  presence  of  dlssoolation. 

Second- approximation  solutions  are  pres¬ 
ented  of  laminar-boundary-layer  equations 
derived  by  M.  Ye.  Shvets  (PMM,  v.  13#  no.  3 
1949)  for  a  thermally  Insulated  plate  and 
for  a  plate  with  a  given  wall  temperature. 
Results  of  numerical  calculations  for  a 
thermally  Insulated  plate  at  Mach  numbers 
10,  20#  and  30  are  given. 


Dorodnltsyn#  A.  A.  A  method  for  solving 
laminar  boundary-layer  equations. 

A  method  suitable  for  computers  is 
described  which  gives  exact  values  of 
laminar  boundary-layer  parameters. 


Koldobskaya,  T.  G.  The  problem  of  un¬ 
steady,  nearly  self-similar  motion. 

A  method  of  linearization  nearly 
identical  with  a  self-similar 
solution  Is  used.  The  method  can 
be  applied  to  plane  shock  waves  in 
flow  past  wedgeB  and  cones. 


Kutateladze#  S.  S.,  and  A.  1.  Leont'yev. 
Turbulent  friction  on  a  flat  plate  in 
supersonic  flow. 


VeLUHMeAs 
no.  1 
95-99 


ZhPMeTF 
no.  3 
111-118 


VeLUMMeAs 
no.  1 
111-122 


ZhPMeTF 

no.  4 
43-48 


It  is  shown  that  limiting  solutions  for 
turhulsnt  boundary  layers  of  compressible 
gases  may  be  obtained  by  Frandtl's  semi* 
empirical  theory  of  turbulence. 


93.  Kosterin,  S.  X.,  and  Yu.  A .  Koshmarov. 
(Institute  of  Mechanics,  AS  USSR, 
Moscow).  Turbulent  boundary  layer 
on  a  flat  plate  in  a  uniform  stream 
of  a  compressible  fluid. 

Translations  In  Sov.  Phys.  Tech. 
Phys.,  Jan.  i960,  819- 828. 

An  analysis  Is  given  of  the  effect 
of  gas  density  variation  on  the 
distribution  of  velocities,  tempera¬ 
tures,  and  densities  In  the  boundary 
layer,  and  consequently,  on  friction 
and  heat  exchange  for  a  plate  In  a  gas 
stream. 


ZhTP 

v.  29#  no.  7 
906-915 


•jk.  Lun'kin,  Yu.  P.  (Leningrad  Physic o-  ZhTP 

technical  Institute,  Academy  of  v.  30,  no.  6 

Sciences  USSR).  Variation  of  gas  622-62 6 

parameters  oaused  by  nonequilibrium 
dissociation  behind  a  shook  wave. 

An  approximate  method  is  presented 
for  the  solution  of  a  system  of 
equations  which  describes  tie  non- 
equilibrium  dissociation  of  monatomic  ' 
and  diatomic  gases  behind  a  shook 
wave.  In  deriving  an  expression  for 
the  temperature  distribution.  It  Is 
assumed  that  the  heat  capacities  of 
the  gases  are  constant. 
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Alekseyev,  V.  M.  On  the  theory  of  perturbed 
motion* 


A  ay atom  of  differential  equation*  descri¬ 
bing  the  relative  motion  of  two  bodies 
acted  upon  by  perturbations  of  any  nature 
combined  with  Newtonian  gravitation  is 
reDlaoed  by  an  equivalent  system  of  integral 
equations  on  the  basis  of  which  various 
estimates  are  made  concerning  the  per¬ 
turbed  Keplerian  motion,  the  hyperbolic 
aoproach  of  two  bodies,  and  convergence 
of  the  method  of  successive  approximation*. 


1961 


▼.  38#  no.  4 
726-737 


96.  Charoyy,  I.  A.,  D.  S.  Vil'ker  (deceased), 
B.  I.  Mitel 'man,  and  G.  D.  Rosenberg. 

On  two-phase  supersonlo  flows. 


BAN  SSSR 


S§137' 


no.  1 


The  supposition  that  a  liouid  introduced 
in  a  supersonlo  gas  flow  (freezing  tempera¬ 
ture  of  liquid  is  considerably  higher  than 
that  of  the  gas)  freezes,  thus  forming  a 
two-phase  flow,  was  verified  by  an  ex¬ 
periment  (water  and  gas  at  M  «  1.2  and  3)* 
This  phenomenon  can  be  utilized  in  ooollng 
of  bodies  in  high-speed  gas  flows.  A 
quantitative  theory  will  be  given  in  future 
work. 


97.  Kochina,  N.  N, ,  and  N.  N.  Mel'nikova.  The  BAN  SSSR 

theory  of  point  explosions.  v.  138#  no.  2 

326-329 

The  problem  of  a  point  explosion  in  a 
compressible  medium,  as  Btudied  in  the 
Steklov  Institute  of  Mathematics,  Academy 
of  Sciences  USSR,  is  presented  theoreti¬ 
cally  in  this  article,  which  was  recom¬ 
mended  for  publication  by  L.  I.  Sedov. 

References  are  given  to  studies  devoted 
to  various  aspects  of  the  point-explosion 
problem. 
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98. 


Pressman,  A.  Ya.  On  the  flow  of  a  rare* 
fled  gas  from  a  point  source  into  a 
vacuum. 

A  praotioally  collision- free  flow  of 
particles  of  a  sufficiently  rarefied 
gas  from  a  point  source  into  a  vacuum 
Is  considered  from  the  standpoint  of 
solving  the  Einstein-Fokker  equations 
with  a  time -dependent  "diffusion  coef¬ 
ficient  '*  and  with  boundary  conditions. 


DAN  SSSR 
v.  138,  no. 
1305-1308 


6 


99*  Bazhenova,  T.  V.  The  gas-flow  velocity  Enl  AN  SSSR 

behind  the  shook  wave  in  a  shook  tube.  POaTp 

31-35 

The  evolution  of  heat  in  a  gas  flow  in 
a  shock  tube  is  analyzed  in  order  to 
establish  the  degree  of  uniformity  in 
the  Interval  between  the  shock  wave  and 
the  interface  and  to  verify  the  law  of 
velocity  changes  in  the  shook  wave  region. 

Tests  were  made  at  M  -  2  to  6. 


100.  Morozov,  M.  0.,  V.  M.  Yeroshenko,  and 
Yu.  P.  Petrov.  Plow  in  stagnation 
zones  on  surfaces  in  supersonic  flow. 

Experiments  were  carried  out  in  an  aero¬ 
dynamic  tunnel,  with  an  air  velocity  of 
M  -  1.69,  to  determine  the  direction  and 
magnitude  of  flow  velocity  in  stagnation 
zones  and  to  study  the  general  pattern 
of  the  flow  and  the  distribution  of 
static  pressures  on  the  periphery  of 
stagnation  pockets. 


Enl  AN  SSSR 


101.  Xeboko,  I.  M.  Deflagration  in  tha  stagna^ 
tlon  region  over  «n  obstacle  in  super- 
sonle  flow. 

The  shape  of  the  shook  wave  and  the 
direotlon  of  the  flow  behind  it  are 
dlsoussed  on  the  assumption  that  the 
detonation  front  is  an  infinitely  thin 
surface  and  that  an  Instantaneous  reaction 
takas  plaoe  in  the  front  with  some  heat 
generation.  Tests  were  made  in  a  shock 
tube  with  a  mixture  of  hydrogen  and  oxygen 
at  a  flow  velocity  of  M  4  1.25#  which 
corresponds  to  a  wave  velocity  of  M  4  2.65. 


I02 .  Murzinov,  I.  N.  The  influence  of  the 
boundary  layer  on  flow  past  slender, 
blunted  cones  at  high  supersonic 
velocities. 

The  influence  of  a  laminar  boundary 
layer  on  the  distribution  of  pressures 
along  the  generatrices  of  a  cone  is 
evaluated  approximately  by  using  the 
small  disturbance  method. 


103.  Laris  h,  E.  Equations  of  free  molecular 
flow. 


Equations  describing  steady  and  un¬ 
steady  free -molecule  flows  past  bodies 
are  derived  with  rebound  of  gas  par¬ 
ticles  taken  into  account.  Flows  with 
a  slight  variation  of  parameters  about 
their  mean  values  are  considered. 


EnX  AN  SSSR 


IzAN  MeMa 
no.  1 
152-153 


IzAN  MeMa 
no.  2 
70-77 
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iu4.  Stulov,  V.  P.  (Mobcow).  Boundary  layer  IzAN  Haifa 

on  a  plata  with  non  equilibrium  dio-  no,  3 

sociation  taken  into  aooount.  3-12 

VIbooub  oomprasslbie  gas  flow  past  a 
plate  under  conditions  making  possible 
the  dissociation  and  recombination  of  a 
diatomic  gas  is  disoussed. 


id*?.  Tagirov,  R.  K.  Determining  the  base  I* AN  Haifa 

pressure  and  temperature  in  sudden  no.  3 

expansions  of  sonio  or  supersonic  30-37 

flows. 

A  method  for  determining  the  base 
pressure  and  temperature  in  sudden 
expansions  of  plane  or  axisymmetric 
flows  is  discussed.  The  method  is 
based  on  H.  Korst's  well  known  method, 
but  it  also  takes  aooount  of  nonisothej>- 
mioity  of  mixing  and  propagation  in  the 
case  of  sudden  expansion  of  an  axisym¬ 
metric  flow  toward  its  axis  of  symmetry. 


106.  Kolodochkln,  V.  P.  Calculation  of  a  IzAN  Haifa 

supersonic  fix  about  cones  at  angles  no.  3 

of  attack.  38-43 

The  calculation  consists  of  numerical 
integration  of  gas dynamics  equations  in 
three  meridional  planes.  The  results  are 
compared  with  other  calculation  methods 
and  with  experimental  data. 


10 7.  Murzinov,  1.  N.  Flow  of  gas  near  the 

stagnation  point  of  a  blunted  body  at 
a  finite  exoltatlon  velocity  of  vibra¬ 
tional  degrees  of  freedom. 


IzAN  Haifa 

no.  6 
33-36 
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An  approximate  solution  la  sought  by 
determining  the  gas  parameters  between 
a  shook  wave  and  a  body  at  N  «7.  The 
Influence  of  relaxation  on  the  shook 
wave  during  motion  of  a  sphere  In  air 
considered  as  a  mixture  of  highly 
rarefied  oxygen  and  nitrogen  is  calcula¬ 
ted. 


108.  Kosterln,  S.  I.,  Yu.  A.  Koshmarov,  and 

YU.  V.  Osipov.  Shockwave  position  In 
a  supersonic  nozzle. 

An  experimental  study  was  made  on  the 
effect  of  the  divergence  angle  In  the 
supersonic  seotlon  of  a  nozzle  on  the 
position  of  a  shock  wave  at  a  given 
pressure  ratio,  with  aooount  taken  of  the 
«  ^ot  of  heat  transfer.  The  study  was 
conducted  within  the  ranges  of  and  M 
numbers  representing  the  actual  operat¬ 
ing  conditions  of  the  noszle  with  the 
divergence  angle  varying  from  0*  to  50*. 


109.  Golubev,  V.  A.  A  study  of  a  high- 
temperature  gas  stream. 

A  theoretical  study  is  presented  on  a 
high-temperature  plane-parallel  gas 
stream.  A  purely  turbulent  stream  is 
assumed,  that  is,  the  molecular  viscosity, 
heat  oonduotlvlty,  and  radiation  energy 
are  neglected.  Discrete  solutions  for 
the  differential  equations  of  motion  of 
the  boundary  layer  are  used,  taking  into 
account  gas  dissociation  and  ionization. 
The  formulas  derived  permit  rapid  calcula¬ 
tion  of  the  gas-stream  parameters  at  all 
points  for  any  degree  of  Initial  pre¬ 
heating. 
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no.  Keldysh,  V.  V.  Exaot  solutions  [in  geometry]  InZh 

of  lift- producing  systems  with  one  end  two  v.  1,  no.  3 
attached  plane  shook  waves.  22-39 

The  shapes  of  lift- producing  bodies  in 
hypersonic  air  flows  are  discussed.  The 
geometry  of  these  bodies  is  taken  from 
flow  patterns  behind  one  attached  plane 
shook  wave  or  two  such  intersecting  shook 
waves.  The  geometric  and  aerodynamic 
characteristics  of  these  bodies  are 
determined  for  oertdin  flight  oondltlone. 


in.  Proshnikov,  R.  S.  On  almost  free-moleoule  XnZk 

flow  of  rarefied  gas  around  bodies.  S0-6t  &°*  ** 

The  oorreotlon  to  values  of  aerodynamic 
characteristics  obtained  by  free-moleoule 
theory  to  obtain  corresponding  values 
for  higher  Knudsen  numbers  is  disouesed, 
and  the  slgnlfloanoe  of  secondary  col¬ 
lisions  is  pointed  out.  The  applicabi¬ 
lity  range  of  this  correction  Is  pointed 
out. 


112.  Bakulev,  V.  I.  Calculation  of  the  turbu¬ 
lent  mixing  flow  of  a  real  gas. 

The  solutions  of  the  problem  of  the  boun¬ 
dary  layer  in  the  Initial  portion  of  a 
plane-parallel,  low-temperature  real-gas 
[with  solid  and  liquid  phases  eliminated) 
jet  is  presented.  The  investigation  is 
based  on  Prandtl 1 s  theory  of  free  turbu¬ 
lence,  with  the  additional  assumption 
that  the  mixing  lengths  are  larger  for 
soalar  quantities  (heat,  density)  than 
for  veotor  quantities  (momentum),  that 
Is,  taking  Into  aocount  the  rotation  of 
the  particles. 
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113.  Kerimgu~lyev,  E.  Investigation  of 
transonic  flow  past  a  body  for  tha 
purpose  of  designing  an  airfoil. 


XnZh 

75-eS  ”• 3 


High-speed  subsonic  flow  around  a  body 
of  arbitrary  shape,  with  &  shook  wave 
at  the  rear  of  the  supersonlo  region  la 
Investigated,  Tranaonio  synaetrloal  flow 
past  a  syL.no trio al  airfoil  Is  oonatruoted 
by  m  approximate  method.  By  applying 
aquations  for  velooity,  potential,  and 
stream  function,  a  flow  pattern  la  obtalnad 
which  auggeata  tha  shape  of  a  double¬ 
wedge  airfoil. 


114.  Galkin,  V.  S.  Applicability  limits  of 

relaxation  models  of  Boltzmann's  klnetlo 
equation  [In  the  aerodynamlos  of  rare¬ 
fied  gases], 

Boltzmann's  equation  Is  simplified  by 
using  assumptions  concerning  the  collision 
of  molecules.  The  solution  of  the  system 
of  "  model"  equations  Is  compared  with  the 
solution  of  an  exaot  system  of  klnetlo 
momentum  equations  of  an  Ideal  monatomlo 
gas,  and  the  limits  of  applicability  for 
the  models  are  established. 


XnZh 

v.  1.  no,  3 
153-156 


115.  Hlkol'skly,  A.  A,  One  olass  of  exaot  InZh 

solutions  of  three-dimensional  gas-  v.  i#  no,  4 

dynamics  equations.  11-17 

The  calculation  is  simplified  by  intro¬ 
ducing  cylindrical  coordinates  in  the 
area  of  the  veloolty  hodograph,  and  partial 
solutions  are  made  possible  by  the  method 
of  separating  the  Fourier  variables.  These 
partial  solutions  lead  to  an  exaot  solution 
of  three-dimensional  gas  dynamics  equation^*. 

The  method  is  useful  in  the  analysis  of 
supersonic  flow  over  fuselage-type  bodies. 
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lit).  Padeyev,  S.  I.  Gao  flow  in  a  discharge 
tuba* 

Orta- dimensional  unsteady  flow  of  a  per¬ 
fect  gas  In  a  discharge  tube  is  analysed 
for  the  ease  where  the  energy  release 
In  the  discharge  gap  is  a  function  of 
time  and  Is  a  determining  factor  of  the 
process.  A  relationship  between  the 
energy  release  law  and  the  law  of  the 
motion  of  a  shock  wave  Is  derived. 


117.  Kostyohcv,  0.  I,  (Kazan'  Aviation  Insti¬ 
tute).  On  optimal  body  shape  In  unsteady 
flowj  - 

The  determination  of  optimal  body  shape 
and  the  effect  of  unsteadiness  on 
optimal  shape  are  discussed. 


lib.  Stanyukovich,  K.  P.,  and  V.  P.  Shallmov. 

On  the  motion  of  meteor  bodies  In  ter¬ 
restrial  atmosphere. 

Two  stages  of  meteor  motion  In  tie  earth's 
atmosphere  are  discussed;  l)  In  the  upper 
layers  of  the  atmosphere  where  the  free 
path  of  the  air  molecules  Is  larger  than 
the  diameter  of  the  meteor  body  and  2)  in 
the  lower  layers  where  a  strong  shook 
wave  Is  formed  In  front  of  the  body. 


Qhernyy,  0.  0.  (Moscow),  A  method  of  ln- 
tegral  relations  for  analyzing  gas  flows 
with  strong  shock  waves. 

A  general  approach  to  utilization  of 
Integral  relations  In  the  solution  of 
problems  related  to  flows  with  strong 
shook  waves  is  presented.  Some  parti¬ 
cular  sample  problems  concerning  the 
detonation  waves,  and  waves  In  shook 
tubes  are  dlsoussed. 
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120.-  Arkhiaov,  V.  N.  Plane-parallel  flow  of  FNNi» 

compressible  fluid  in  tho  wake  of  a  v^  5$^  no.  1 

Squat Iona  of  motion,  continuity,  and  energy 
are  foraulated  for  the  following  conditions: 
at  a  given  dlstanoe  from  the  tody,  the 
pressure  Is  approximate  3y  oonstant  in  the 
oross  section  of  the  wake,  the  transverse 
veloolty  Is  small  as  compared  with  the 
longitudinal  veloolty,  the  rate  of  ohange 
In  longitudinal  velocity, along  the  axis 
of  the  wake  la  email  aa  compared  with  the 
rate  of  Its  transverse  ohange,  and  the 
rate  of  pressure  ohange  along  the  wake  Is 
negligible. 


121,  Pal ' kevloh,  S.  V.  (Saratov).  Near-sonic 
plane  laminar  gao  flow  with  singular 
points  on  the  sonic  line. 

Near-sonic  plane  laminar  flows  with 
singular  points  on  the  sonic  line  were 
studied.  Solutions  with  a  singular 
point  on  the  sonio  line  of  Trico/idL's 
equation  and  solutions  of  Chaplygin's 
equation  are  used  to  obtain  solutions  in 
the  form  of  an  infinite  series,  the  first 
term  of  which  Is  the  corresponding  "self- 
simulating  solution  of  TricoM'A's  equation. 
The  oases  of  wedge-shaped  profiles  and  flat 
plates  are  considered  as  illustrative 
examples. 


PMMe 

v.  25,  no. 
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122.  Medukhovskiy,  I.  B.  (Moscow).  The  flow  FMMe 

at  an  angle  of  attack  past  a  finned  body  v.  25.  no  ^ 

of  revolution.  ^  561-5S6 

The  regularity  patterns  of  a  flow  past 
a  body  of  revolution  are  discussed  using 
general  assumptions  on  the  relation  between 
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aerodynamio  flow  parameters  and  orienta¬ 
tion  of  the  velocity  vector  of  the  oncoming 
flow  relative  to  the  meridians.  Dependence 
of  aerodynamlo  force?  on  the  angle  of 
attack  of  a  longitudinally  finned  body  of 
revolution  la  discussed  as  well  as  the 
nuoiber  of  fins*  assuming  that  there  Is 
no  aerodynamic  interference  between  them. 


12 3.  Sychev,  7.  V.  (Moscow).  Hypersonic  gas 
flow  of  a  viscous,  heat  conducting  gas. 

Motion  of  a  body  in  hypersonic  flow  of  a 
viscous  heat  conducting  gas  is  studied 
and  equations  characterising  the  gas  flow 
around  the  body  are  derived  on  the  basis 
of  the  Navler-Sto!ces  equation  for  an  lrv» 
finite  Mach  number.  General  common 
properties  of  steady  hypersonic  flow 
around  bodies  with  formation  of  a  strong 
shook  wave*  and  self-similar  unsteady 
flows  with  t*  ■»  0  in  the  undisturbed 
region  x  are -discussed. 


124.  Galkin*  V.  S.,  and  A.  A.  Gladkov  (Mosoow). 
Lift  at  hypersonic  speeds. 

Presents  a  study  demonstrating  that  the 
lift  for  a  large  class  of  bodies  (wedge* 
cone*  et  cetera*  but  not  a  cylinder  or 
plate)  in  a  free-molecule  hypersonic 
flow  at  any  value  of  Knudsen  number  and 
in  a  continuum  hypersonic  flow  is  negative 
for  any  angle  of  attaok  in  the  range  from 
zero  to  90  . 


125.  Dorodnltsyn,  A.  A,  Solution  of  boundary 
layer  equations. 

A  short  presentation  is  made  of  one  method 
for  the  exact  solution  (with  any  degree 
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of  accuracy)  of  equation®  of  a  laminar 
boundary  layer  of  a  nonoompressible  liquid* 
Tiro  examples  are  presented  which  show  the 
rate  of  convergence  of  the  method.  It  la 
noted  that  although  setting  up  the  system 
of  differential  equation  Is  a  tedious 
prooess,  the  solution  of  the  system  on  high¬ 
speed  computers  Is  simple. 


126.  Ginzburg,  1.  P.  (Leningrad  State  University).  VeLUMMeAs 
Turbulent  boundary  layer  on  a  plate  In  a  no*  1 
compressible  flow.  75 

The  skin  frlotlon  and  heat  transfer  on  a 
flat  plate  In  a  turbulent  hypersonic  flow 
at  arbitrary  Prandtl  numbers  are  determined 
with  dissociation  and  diffusion  taken  Into 
aooount. 


127.  Kulonen,  L.  A.  Calculating  the  parameters  VeLUMMeAs 
of  a  laminar  boundary  layer  on  a  flat  no.  1 

plate  In  dissociating  gas.  126-132 

Equations  for  a  laminar  boundary  layer 
on  a  flat  plate  are  solved  with  the 
chemical  nonequilibrium  dissociation  of 
a  diatomic  gas  under  conditions  of  in¬ 
complete  thermodynamic  equilibrium  taken 
into  account,  under  the  assumption  that 
the  specific  enthalpies  of  atomic  and 
molecular  components  are  arbitrary 
functions  of  gas  temperatures. 


128.  Belova,  A.  V.,  and  S.  V.  Vallander.  Integral  VeLUMMeAs 
kinetic  equations  in  the  theory  of  monatomio  no.  2 
gases  in  an  external  field  of  body  forces.  75-80 
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The  system  of  equations  derived  is  intended 
to  desoribe  a  gas  flov;  subjected  to  a  con* 
stant  external  field  of  body  forces.  It 
Is  shown  that  the  equations  can  be  used  for 
a  variable  external  field  with  negligible 
variations.  In  deriving  the  equations,  the 
fact  was  taken  into  account  that  the  trajec< 
tories  of  atoms  in  the  external  field  of 
body  forces  are  curvilinear. 


1 2cj.  Vallander,  S.  V. ,  and  A.  V.  Belova. 

Integral  kinetic  equations  for  gas 
mixtures  with  internal  degrees  of 
freedom. 

A  system  of  Integral  kinetic  equations 
is  presented  for  a  mixture  of  polyatomic 
gases  flowing  in  a  constant  external 
field  of  body  forces  in  the  presence  of 
chemical  reactions.  The  system  of  equa¬ 
tions  can  be  solved  by  the  method  of 
successive  approximations.  It  is  as¬ 
sumed  that  for  gas  motion  only  molecular 
collisions  in  pairs  are  essential  and 
that  the  gas  particles  formed  by  the 
chemical  reactions  are  electrically 
neutral. 


i 3u ,  Kulonen,  L.  A.  A  method  for  analyzing  a 
laminar  boundary  layer  on  a  porous  sur¬ 
face. 

The  laminar  bound ary- layer  problem  of  the 
motion  of  a  binary  mixture  of  gases  with 
different  physical  properties  is  considered 
for  the  general  case  of  a  variable  free- 
stream  velocity,  a  variable  surface  tempera^ 
ture,  and  an  arbitrary  relationship 
between  the  mass-transfer  coefficients, 
temperature,  and  concentration.  The 
method  can  also  be  used  for  solving  the 
problem  of  gas-mixture  motion  on  a  boun¬ 
dary  layer  with  injection  through  the 
porous  surface. 


VeJUMfeA* 
no.  2 
81-86 


VaLUMMeAs 
no.  2 
123-135 


-  36  - 


131.  Koldobskaya,  T.  G.,  and  I.  A,  Sychev.  Ir-  VeLUMMeAa 
regular  reflection  of  a  shook  wave  from  noe  3 

a  curvilinear  wall.  111*130 

The  problem  Is  solved  by  Paper's  method 
with  some  additional  assumptions.  A 
series  of  experimental  Investigations 
was  made  to  oompare  data  for  reflection 
from  curvilinear  profiles  and  wedges. 


132.  Ityzhov,  0.  S.  Decay  of  shook  waves  In  In*  ZhPMeTF 

homogeneous  media.  no.  2 

15-25 

Physical  phenomena  associated  with  the 
propagation  of  small- amplitude  waves  in 
a  nonuniform  medium  are  explained.  The 
interaction  of  two  shock  waves  is  analyzed 
for  the  case  in  which  one  overtakes  the 
other. 


133.  Lunev,  V.  V. ,  and  I.  N.  Murzinov.  Effect  ZhPMeTF 

of  radiation  on  the  flow  in  the  stagna-  no.  2 

tion  point  region  of  a  blunt  body.  26-30 

The  effect  of  thermal  radiation  of  a 
gas  on  its  flow  parameters  near  the 
stagnation  point  of  a  blunt  body  is 
discussed,  disregarding  the  radiation 
pressure,  the  interaction  between 
radiation  and  oncoming  flow  in  the  shock 
layer,  and  the  effeot  of  the  thin 
boundary  layer. 


13*J.  Ryzhov,  0.  S.  The  decay  of  shock  waves  in  ZhPMeTF 
Bteady  flows.  no.  6 

36-43 

The  basic  characteristics  of  the  develop¬ 
ment  of  shock  waves  of  small  amplitude 
in  nonhomogene ou3  steady  supersonic  flows 
are  studied  for  the  case  where  the  width 
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135. 


136. 


137. 


of  the  disturbed- flow  region  is  assumed 
to  be  small  compared  with  the  radius  of 
ourvature  of  the  shook  waves  and  the 
distance  at  which  the  parameters  of  the 
initial  medium  change  appreciably. 


Sayasov,  YU.  S.  Structure  of  an  oblique 
shook  wave  In  a  chemically  reaotlve 
gas. 

The  system  of  equations  describing  the 
flow  or  a  chemically  reaotlve  Invisold 
gas  behind  an  oblique  shock  Is  used  In 
analysis  of  flow  parameters  behind  the 
shock  wave.  Assumptions  are  made  that 
the  front  of  the  shock  wave  Is  plane 
and  that  the  flow  lines  behind  the  shock 
wave  are  rectilinear. 


Grebenshchikov,  S.  Ye.,  M.  D.  Rayzer,  A.  A. 
Rukhadze,  and  A.  G.  Frank. 

In  an  experimental  study  of  the  inter¬ 
action  of  converging  ring-type  shock 
waves  with  a  "  magnetic  wall,"  shock 
waves  were  produced  In  a  vacuum  chamber 
at  a  frequency  of  360  kc  by  discharging 
two  parallel-connected  0.2-pf  oapacltors 
through  a  copper  ring  surrounding  the 
chamber.  Comparison  of  the  experimental 
results  with  those  obtained  theoretically 
for  plane  shock  waves  interacting  with  a 
magnetic  wall  showed  close  agreement. 


Lun’kin,  Yu.  P.,  and  F,  D.  Popov.  Non- 
e equilibrium  dissociation  of  a  gas  mixture 
behind  a  shook  wave. 

Nonequilibrium  dissociation  of  a  mixture 
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of  two  diatomic,  or  of  on«  monatomio  ga» 
and  on*  dlatoolo  gas  behind  a  normal 
•hook  wave  is  investigated.  An  approxi¬ 
mate  method  of  solving  the  equations  (of 
conservation  of  state  and  of  relaxation) 
whloh  desorlbe  such  dissociation  is  pre¬ 
sented. 


138.  Gvozdeva,  L.  0.  (Laboratory  of  Combustion 
Physios,  Krshlzhanovskly  Institute  of 
Power  Engineering,  Moscow).  Refraotion 
of  detonation  waves  by  incidence  on  the 
boundaries  between  two  gaseous  mixtures. 

A  motion  pxoture  investigation  of  rare¬ 
faction  of  a  chock  wave  moving  in  a 
reacting  medium  as  it  passes  through 
a  boundary  between  this  medium  and  an 
explosive  or  Inert  medium  is  presented. 


139,  Lun'kin,  Yu.  P.  (ioffe  Physicotechnical 
Institute,  Leningrad) .  Measurement  of 
entropy  in  the  relaxation  of  a  gas 
mixture  behind  a  shock  wave. 

The  relaxation  of  a  mixture  of  a  diatomic 
gas  and  a  monatomic  gas  behind  a  shock 
wave  is  analyzed.  The  exoltatlon  of 
degrees  of  freedom  and  entropy  changes 
behind  weak  and  strong  shock  waves  are 
discussed. 


Iko,  Koryavov,  P.  P.  Numerical  calculation  of 
laminar  flows. 

The  problem  of  jet  mixing  of  two  steady 
laminar  semi- infinite  flows  of  compressible 
viscous  gases  of  different  velocities  and 
temperatures  is  considered.  A  method  is 
presented  for  numerical  calculation  of 
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velocity  and  temperature  profiles  In 
the  mixing  zone  on  the  basis  of  the 
general  boundary  layer  theory,  under  the 
assumption  that  parameters  of  gas  density— 
viscosity,  heat  transfer,  and  specific 
heat  at  constant  pressure  are  known 
functions  of  temperature. 


i4i.  Shohennlkov,  V.  V,  (Moscow).  An  analysis 
of  a  laminar  boundary  layer  over  a'  sub¬ 
liming  surface. 

Equations  are  derived  and  boundary 
conditions  are  established  for  analysis 
of  the  laminar  boundary  layer  over  a 
subliming,  axl symmetric,  blunted  body  in 
a  high  supersonic  flow,  taking  the  chemioal 
reactions  Into  account. 


142.  Godunov,  S.  K.,  A.  V.  Zabrodin,  and  Q.  P. 

Prolcapov.  A  difference  scheme  for  two- 
dimensional  gas  dynamics  problems. 

A  method  was  developed  for  the  numerical 
solution  of  two-dimensional  gas  dynamics 
problems.  The  difference  computational 
scheme  for  gas  dynamlos  equations  and  the 
formulas  for  approximate  calculation  of 
the  decomposition  of  discontinuity  were 
worked  out  and  are  presented  in  detail. 

The  stability  of  the  difference  scheme 
was  studied  only  for  the  case  of  a 
linearized  system  of  gas  dynamics  equations 
with  constant  coefficients;  necessary  and 
sufficient  stability  conditions  of  the 
scheme  for  this  sytem  were  derived.  The 
difference  method  Is  also  applied  to  the 
case  of  a  homogeneous  supersonic  flow  of 
an  ideal  gas  around  a  sphere. 
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143.  Babenko,  Kt  I.,  and  0,  P.  Voskresenskiy.  ZhVyohMMP 

A  nunarioal  method  for  oaloulating  the  v.  1,  no.  6 

flow  of  gas  around  bodies.  1051-1060 

A  method  for  numerloal  oaloulatlon  of  the 
three-dimensional  supersonic  flow  of  an 
ideal  gas  around  pointed  bodies  has  been 
developed.  Programs  are  worked  out  for 
eleotronio  digital  oomputers,  and  calcula¬ 
tions  are  made  of  the  flow  around  a 
olroular  cone  and  a  body  of  revolution  for 
various  values  of  Mach  number  and  of  angle 
of  attack. 


144 .  Dorodnltsyn,  A.  A.  Numerloal  methods  for 
solution  of  laminar  boundary-layer 
equations. 

A  general  method  of  Integral  relations 
used  at  the  Computing  Center  of  the 
Academy  of  Sclenoes  USSR  for  the  solution 
of  complicated  boundary-layer  problems 
by  means  of  high-speed  computers  Is 
desorlbed.  General  expressions  are 
derived  for  integral  relations  for  a 
boundary  layer  In  a  "classical"  compres¬ 
sible  fluid  (that  is,  without  chemical 
reactions  and  radiation)  which  can  easily 
be  adapted  to  Incompressible  fluids. 


1962 

Aron  Hast 
v,  14,  no.  3/4 


343:357 


l4b.  Iaibonski,  J.  Hypersonic  plane  oouette 
flow  in  rarefied  gas. 

Hypersonic  plane  Couette  flow  in  a  rare¬ 
fied  gas  is  considered  in  terms  of  a 
certain  approximation  method  which  is  of 
more  general  use  than  conventional  ones 
and  can  be  applied  to  other  hypersonio 
flows.  A  flow  between  two  walls  which 
reflect  molecules  diffusely  is  considered 
because  of  itB  simplicity.  Fields  of 
macroscopic  values,  *suoh  as  density,  mean 
velocity,  and  temperature  are  investigated. 
The  molecules  are  grouped  into  three 
classes  according  to  their  motion  origin. 
The  gas  is  regarded  as  a  mixture  of  the 
three  classes  and  the  molecules  are  con¬ 
sidered  as  rigid  spheres. 
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Arch  MeSt 
v.  14.  no.  3/4 
553-564 


146.  Gos'kov,  L.  P. ,  and  L.  P.  Pitayevskiy. 

The  origin  of  a  shook  wave  oauaed  by 
refleotlon  of  a  weak  discontinuity 
from  the  sonic  line. 


DAN  SSS R 
v.  144.  no.  2 
293-296 


The  refleotlon  of  the  weak  discontinuity 
(the  discontinuity  of  the  first  deriva¬ 
tives  of  velooity)  from  the  sonic  line 
woe  studied  with  the  aid  of  the  Euler- 
Triooni  equation  describing  the  sonic 
flow  of  gas.  Formulas  describing  the 
onange  of  parameters  on  a  shock  wave  are 
derived. 


1*47.  Bazhenova,  T.  V.,  and  0.  A.  Predvodlteleva. 
A  comparison  of  air  parameters  behind 
shock  waves. 

Thermodynamic  and  gas  dynamic  parameters 
behind  normal,  incident,  and  reflected 
shook  waves  are  compared  under  certain 
assumptions  on  equilibrium  dissociation 
of  air;  the  excitation  of  degrees  of 
freedom  of  particle  la  considered. 


Enl  AN  SSSR 

FGaTp 

15-24 


148.  Anfimov,  N.  A*  The  laminar  boundary 

layer  in  a  multicomponent  mixture  of 
gaaes. 

The  equations  of  a  laminar  multicomponent 
boundary  layer  are  solved  in  the  neighbor¬ 
hood  of  the  stagnation  point  of  a  blunt 
body  in  a  flow  of  dissociated  air.  It  is 
assumed  that  the  ohemioal  reactions  inside 
the  boundary  layer  are  frozen  and  that  the 
state  of  the  gas  at  the  wall  and  in  tbs 
outer  boundary  of  the  layer  is  in  equili¬ 
brium. 


Is  AN  NeNa 

no.  1 
25-31 
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149.  Avduyevskly,  V.  S.  (Mosoow).  Analysis  of 
a  three-dimensional  laminar  boundary 
layer  along  geodeslos  in  the  flow. 

Differential  equations  are  derived  for 
flows  in  the  regions  of  the  geodeslos  on 
a  oone  under  an  angle  of  attack,  slip 
flow  past  an  infinite  cylinder,  and  at 
the  forward  stagnation  point.  Formulas 
are  given  for  calculating  the  parameters 
of  heat  transfer,  motion,  and  boundary 
layer. 


Is  AN  KeNa 
no.  1 
32-41 


150.  Shidlovskiy,  V.  P.  Flow  of  slightly  rare-  Is  AN  NeNa 
fled  gas  about  a  sphere.  no.  2 

17-24 

Slip  flow  about  the  forward  part  of  a 
sphere  is  considered.  This  flow  cor¬ 
responds  to  Knudsen  numbers  K  from  0.1  to 
0.01.  It  is  assumed  that  the  Mach 
number  is  of  the  order  of  1/K. 


151,  Mel'nikov,  D.  A.  Shock  wave  reflection  in  IzAN  MeMa 

a  supersonic  gas  flow.  no.  3 

24-30 

The  problem  is  studied  of  a  gas  flow 
through  the  region  of  an  Incident  shook 
wave  reflected  from  the  axis  of  symmetry, 
where  a  normal  shock  wave  is  formed. 

A  method  is  developed  for  determining 
a  subsonic  flow  beyond  the  normal  shook 
wave .  Shadow  photographs  are  given  of 
flows  from  four  axlsymmetrlcal  nozzles 
of  different  shapes,  with  uniform  and 
nonuniform  velocity  fields  and  Mach 
numbers  from  2.8  to  3.2  and  2.67  to  3.37. 


152.  Anfimov,  N.  A.  The  laminar  boundary  layer  IzAN  MeMa 
on  a  chemically  active  surface.  no.  3 

46-52 

The  burning  of  a  blunted  semi-infinite 
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body  (consisting  of  various  carbon, 
oxygen, and  hydrogen  compounds)  in  a 
flow  of  high- temperature  air  is  discussed. 
The  boundary  layer  in  an  eight- component 
gas  mixture  in  the  presenoe  of  ohemioal 
reactions  and  mass  exchanges  on  the  body 
surface  is  examined.  A  method  is  given 
for  determining  the  rate  of  burning  and 
the  surface  temperature  is  given. 


153.  Shkadov,  V.  Ya.  A  solution  of  the  Is  AN  NeKa 

boundary  layer  problem.  no,  3 

173-175 

The  flow  of  a  viscous  incompressible  fluid 
in  a  boundary  layer  is  studied  and  equa¬ 
tions  with  solutions  which  satisfy  parti¬ 
cular  boundary  conditions  are  analyzed. 

Analytical  series  are  employed  to  derive 
two  satisfactory  solutions,  for  boundary 
layers  starting  at  the  boundary  edge  and 
at  the  critical  point  and  for  bodies  with 
sharp  and  blunt  edges. 


154.  VUlis,  L.  A.  An  interpolation  formula 
for  a  transient  region  of  flow. 

An  interpolation  formula  is  presented, 
based  on  phenomenological  treatment  of 
the  process  of  transition  from  a  steady 
laminar  regime  to  a  turbulent  one,  whloh 
is  applicable  to  Integral  (drag,  heat 
transfer,  et  oetera)  and  looal  (effective 
viscosity  and  temperature  conductivity 
in  a  turbulent  boundary  layer)  governing 
laws. 


Is  AN  MeMa 
no.  3 
180-182 


155,  Avduyevskly,  V.  S.  A  method  for  analyzing 
a  three-dimensional  turbulent  boundary 
layer  in  compressible  flow. 

A  method  is  developed  for  calculating  a 
turbulent  boundary  layer  in  a  compressible 


Is  AN  MeMa 

no.  4 
3-12 
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two-  or  three-dimensional  hypwrsonlo  flow 
on  an  arbitrary  ourvlllnear  surfaoa.  Tha 
fomulaa  for  a  flat  plata  ara  applied  at 
avary  point  of  tha  body,  and  In  plaoa  of 
tha  trua  length  along  tha  aurfaoa  of  tha 
body,  a  oar tain  affaotlva  length  whloh 
satisfies  tha  baalo  Integral  oorrelatlona 
la  oonaldarad.  Tha  axpraaalona  for  tha 
parameters  of  a  turbulant  boundary  layar, 
ara  obtained  by  analyzing  experimental 
data  on  turbulant  boundary  layers.  Calcula¬ 
tion  of  tha  friction  drag  at  Mach  6  on  an 
axlaymnstrloal  Ideal  nozzle  la  presented, 
aa  are  sample  oaloulatlona  of  tha  heat  ex¬ 
change  for  a  Mach  10  three-dimensional  flow 
around  a  oyllnder  of  Infinite  length,  and 
around  sharp-  and  blunt-nosed  oones. 

Tha  effeot  of  tha  shock-wave  curvature 
la  taken  Into  account  and  discussed. 


156.  Dorfman,  L.  A.  Tha  boundary  layar  on  bodies 
rotating  at  high  velocities. 

An  approximate  method  Is  presented  for 
calculating  the  boundary  layer  on  axlsym- 
metrloal  bodies  (turbine  wheels,  propellers, 
rotors,  and  projectiles)  rotating  at  high 
velocities  In  axial  flows.  Tha  Inflow 
(“ventilating")  effect  of  rotation  on  tha 
flow  in  the  boundary  layer  Is  taken  Into 
account.  A  comparison  of  tha  results  with 
those  obtained  by  tha  method  set  forth 
by  B.  Truokenbrodt  In  1954  Indicates  that 
the  present  method  gives  values  closer  to 
experimental  data. 


157,  Cherkez,  A.  Ya.  Averaging  of  supersonio 
gas-flow  parameters. 

The  possibility  of  using  the  relations 
and  methods  of  one-dimensional  gas 
dynamics  In  the  study  of  highly  irregular 
supersonio  flows  Is  oonsidezwd.  It  Is 
demonstrated  that  for  Irregular  super¬ 
sonic  flows  In  whloh  the  stagnation 
temperature  Is  constant.  It  Is  possible 
to  find  average  parameters  whloh  will 
satisfy  the  flow  conditions. 


Is AN  KeNa 
no.  4 
18-22 


Is  AN  MeXa 

no.  4 
23-26 


158.  Avauyevskiy,  V.  S.,  and  Ye.  I.  Obroskova.  IzAH  MeNa 

Laminar  boundary  layer  on  a  porous  plate  no.  5 

In  the  presence  of  chemical  reactions  on  3-12 

its  surface. 

A  laminar  boundary  layer  with  chemioal 
reactions  on  a  porous  plate  through 
which  a  gas  is  Injected  is  discussed. 

Approximate  formulas  are  derived  for 
determining  the  bound ary- layer  para¬ 
meters  ,  with  carbon  and  hydrogen 
burning  on  the  plate  surfaoe  and  blnaxy 
diffusion  in  the  boundary  layer. 


15 9.  Cherkez,  A.  Ya.  One-dimensional  theory 
of  supersonic  gas  jets. 

The  one-dimensional  theory  is  shown 
to  give  quantitative  results  conforming 
with  experimental  data,  to  determine 
qualitative  flow  laws,  and  to  dlsolose 
the  physloal  meaning  of  some  oharaoter* 
lstlos  of  the  Initial  portion  of  the 
jet. 


Is  AN  MeMa 
no.  5 
13-15 


lbO.  Kireyev,  V.  T.  Shock  wave  propagation  in 
a  shook  tube. 

A  flow  pattern  is  presented  for  deter¬ 
mining  the  variations  in  shock  wave 
velooity  and  flow  parameters  of  the 
driving  and  driven  gases  during  dia¬ 
phragm  opening.  Results  of  numerical 
calculation  of  the  shook  wave  velocity 
and  oross-seotlor  area  variation  of 
the  opening  are  presented  in  graphs. 


Is  AN  MeMa 
no.  6 
144-146 


161.  Lunev,  V.  V.  (Moscow).  A  shock  layer 
method  in  problems  of  hypersonio  flow 
over  thin  blunted  bodies. 


Is  AN  MeMa 

no.  6 
146-147 
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The  method  proposed  by  H.  Cheng,  T.  Hall, 

T.  Collian,  and  A.  Hertzberg  for  approximate 
calculations  of  a  flow  over  thin  blunt 
bodies  Is  analyzed.  It  Is  shown  that  the 
solution  obtained  for  any  lsentroplo 
exponent  not  equal  to  unity  contradicts 
the  results  obtained  by  G.  G.  Chemyy, 
who  used  another  method,  which  gives. 

In  general,  more  aocurate  results. 


162.  Kutateladze,  S.  S.,  and  A.  I.  Leont'yev. 
Calculating  turbulent  boundary  layer 
parameters  under  essentially  positive 
pressure  gradients. 

A  new  successive-approximation  method  for 
calculating  the  parameters  of  a  turoulent 
boundary  layer  was  developed.  The  analysis 
Is  based  on  the  limiting  lav/s  of  friction 
and  heat  exchange  In  the  diffusion  region 
of  gas  flow.  Equations  for  determining 
the  velocity  profile  within  the  turbulenc 
layer,  the  drag  distribution,  and  the  limit- 
velocity  profile  at  the  point  of  separation 
are  also  derived  and  show  good  agreement 
with  experimental  data. 


163.  Romlshevskly,  Ye.  A.  (Moscow).  Boundary 
layer  and  steady  gas  discharge  diffusion- 
pattern  radiation. 

The  process  of  the  interaction  of  a 
viscous  radiating  gas- flow  at  reentry 
velocities  with  the  surface  of  a  body  in 
a  thin  layer  which  has  a  boundary-layer 
pattern  Is  discussed,  as  well  as  phenomena 
In  a  steady  gas  discharge  under  high 
pressure  which  are  of  the  same  character. 

It  is  assumed  chat  the  radiation  range 
is  small  and  has  a  diffusion  pattern. 


InFZh 

v.  5,  no.  1 
33-41 


InFZh 

V.  2,  no.  1 
170-174 
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164 4  Slezenko,  Z.  F.  The  velocity  profile  of  InFZh 

the  boundary  layer  on  a  nonunifonnly  v.  5,  no,  10 

heated  plate.  47-52 

A  method  waB  devisee*  far  direct  measure¬ 
ment,  with  an  accuracy  of  0,01  to  0.005  cm/sec, 
of  local  values  of  the  small-velocity  profiles 
in  the  boundary  "  yer  on  a  nonuniformly 
heated  plate*  on  the  photoelectric 

principle,  the  method  is  applicable  to  weakly 
rarefied  and  nonrarefied  gases.  A  circuit 
diagram  of  the  device  used  in  the  measure¬ 
ments  is  given,  along  with  the  method  of 
calculating  velocities  from  a  nomogram. 


165.  Kostychev,  0.  I.,  and  V.  I.  Polkovnikov. 
Variational  problems  of  gas  dynamics. 

The  effect  of  flight  conditions  on  the 
optimum  form  of  an  aircraft  and  its 
vertical  motion  are  studied. 


IzVUZ  AvT 
no.  1 

11-18 


166.  Dulov,  V.  G,  An  approximate  method  for 

calculating  slightly  divergent  supersonic 
axial  flows. 

For  the  calculation  of  slightly  divergent 
supersonic  isentropic  gas  flow,  the  Lenin¬ 
grad  Institute  of  Mechanics  has  developed 
an  approximate  method  which  combines  and 
to  some  extent  is  based  on  two  classical 
methods,  that  of  characteristics  and  that 
of  the  linearization  of  equations  and 
boundary  conditions. 


XzVUZ  AvT 

no.  2 
8-14 


167.  Dulov,  V.  G.  Shock-wave  propagation  in  a  IzVUZ  AvT 

variable- cross-sect ion  channel.  no.  3 

17-24 

The  propagation  of  a  shock  wave  formed  in 
a  gas  duct  of  constant  cross  section  and 
moving  througi  a  short  divergent  ohannel  is 
analyzed  and  the  dependence  of  shook  wave 
parameters  on  the  area  of  the  cross  section 
of  the  channel  is  established. 
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168  Tolstykh,  A.  I.  A  turbulent  boundary  layer  InZh 

with  pressure  gradients  on  a  porous  surface.  v,  2.  no.  1 

%  79-86 

The  problem  is  analysed  for  incompressible 

JaseSj  ana  the  results  are  generalised 
or  oonpresslble  gases.  The  equations  may 
be  used  for  oaloulatlng  any  general  case 
of  a  turbulent  boundary  layer  with  diffusion 
end  heat  transfer. 


169.  Klkol'ekly,  A.  A.,  and  B.  A.  Smirnov.  Action  XnZh 

of  a  shock  wave  on  an  obstaole.  v.  2,  no.  1 

181-188 

Some  specific  obstacles,  both  two-  and 
three-dimensional,  are  considered.  The 
overall  impulses  and  moments  and  also 
the  distribution  of  pressure  impulses  on 
the  surface  of  the  body  are  determined. 

It  is  shown  that  when  the  veloolty  is 
sufficiently  low  and  vortiolty  may  be 
neglected,  the  problem  can  be  reduced  to 
the  case  of  Incompressible- fluid  flow. 


170.  Stanyukovich,  K.  P,  Variation  of  arbitrary  XnZh 

constants  in  self-similar  solutions.  v.  2,  no.  2 

355-358 

An  approximate  method  for  calculating  the 
variation  of  arbitrary  constants  in  the 
propagation  of  moving  shock  waves  is 
presented.  The  new  solutions  are  based 
on  the  principle  that  any  motion  of 
gases  in  small  volumes  for  short  time 
intervals  may  be  considered  self-similar. 


171,  Neyland,  V.  Ya. ,  and  G.  I.  Taganov.  The  XnZh 

flow  pattern  in  the  separation  region.  v.  2,  no.  3 

36-42 

A  general  solution  of  the  problem  of 
the  now  in  the  boundary-layer  separation 
region  with  a  return  flow  is  presented. 
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The  study  1b  restricted  co  the  plane 
flow  of  an  incompressible  fluid  within 
the  plane  flow  of  an  incompressible 
fluid  within  the  stagnation  tone,  and 
to  a  supersonic  flow  past  a  body  with 
a  needle  fixed  at  its  front.  The 
formation  of  separation  zones ,  the  zone 
angles,  and  the  velocity  profiles  are 
discussed  in  both  flows. 


172.  Petukhov,  I.  V.,  and  A.  L.  Ankudinov.  The 
effect  of  flow  vorticity  and  body  ourva^ 
ture  on  boundary  layer. 

The  effects  of  flow  vorticity  outside 
the  boundary  layer,  as  well  as  of  the 
curvature  of  body  contour,  on  the 
structure  of  the  boundary  layer  are 
analyzed  by  using  a  strict  formulation 
of  boundary  conditions  for  the  secondary 
streams  in  the  layer.  The  results  of  this 
analysis  were  used  as  a  correction  of 
the  known  solution  of  this  problem  (with¬ 
out  outer- flow  vorticity)  by  Blaslus . 


173.  Shcherbina,  YU.  A.  The  effect  of  initial 
turbulence  on  the  boundaries  of  a  mixed 
Jet. 

Results  are  presented  of  an  experimental 
investigation  of  a  two-dimensional  mixed 
Jet  in  its  initial  region,  where  the 
structure  of  the  Jet  is  disrupted  due  to 
high  turbulence.  Turbulence  measurements 
were  made  by  the  optical-diffusion  method 
at  the  same  distance  from  the  nozzle 
grid  in  all  cases.  Initial  velocity  was 
kept  constant  in  all  of  the  experiments. 
The  schematic  diagram  of  an  experimental 
devloe  is  given,  as  well  as  graphs  of 
velocity  distribution  and  relative 
boundaries  of  the  mixing  region. 


InZh 

v.  2,  no. 

262-268 


4 


Mom 


no.  7 
152-157 


4 
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17 4 .  Ladyzhenskiy,  M.  D.  An  analysis  of  hyper¬ 
sonic  flow  equations  and  the  solution  of 
the  Oauohy  problem. 

General  equations  of  hypersonlo  vortex 
flows  are  investigated.  The  approximate 
solution  of  the  Cauchy  problem  Is  oomjpred 
with  exact  analytical  and  numerical 
solutions.  The  results  can  be  used  for 
studying  Internal  hypersonlo  flow. 


175#  Zhilin,  YU.  L.  Similitude  parameters  at 
high  hypersonlo  velocities. 

Similarity  conditions  established  by 
W.  D.  Hayes  and  R.  F.  Probsteln  for 
Intermediate  hypersonlo  velocities 
are  extended  to  high  hypersonic 
velocities.  Analytical  expressions 
are  given. 


176.  Kogan,  M.  N.  Hypersonic  flows  of  a  rare¬ 
fied  gas. 

The  basic  theoretical  concepts  and  the 
criteria  and  conditions  for  the  existence 
of  near- free-molecular  hypersonic  flows 
are  discussed.  Flow  past  a  plate  perpen¬ 
dicular  to  the  flow  direction  is  considered 
for  various  Mach  numbers  and  collision 
cross  sections.  It  is  assumed  that  re¬ 
flection  of  molecules  from  the  plate  is 
diffusive  with  a  Maxwellian  velocity 
distribution. 


177,  GalkJn,  y.  S.  On  the  lift  in  a  free 
molecule  flow. 

It  is  shown  that  the  lift  of  certain 
finite-length  bodies  in  a  free  -moleoule 
flow  can  be  negative  at  any  angle  of 
attack  between  0  and  90*  and  with  forces 
acting  on  bases  of  such -bodies  taken 
Into  account. 


v!**&6,  no.  2 
269-299 


PMMe 

v.  26.  no.  2 
387-388 


PMMe 

v.  26,  no.  3 
520-529 


PMMe 

v.  26,  no.  3 

567 
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178.  Kulkovskiy,  A.  G,  On  shook- wave  structure. 

Solutions  of  general  gas-flow  equations 
whioh  can  he  used  in  gas-dynamics  and 
magneto  hydrodynamics  and  analyzed  and 
the  structure  and  behavior  of  shook 
waves  are  discussed. 


179.  Ladyzhenskiy,  M,  D.  Flow  of  viscous  gas 
Into  vacuum. 

Viscous,  heat-conducting  gas  flows  from 
two- and  three-dimensional  sources  were 
studied  by  using  Navler-Stokes  equations 
with  the  assumptions  that  the  coefficients 
of  viscosity  and  heat  condlctivity  are 
power  functions  of  temperature  and  that  the 
Prandtl  number  Is  constant.  An  asymptotic 
solution  is  sought  for  the  caBe  of  the  flow 
of  gas  into  a  vacuum  when  the  pressure  at 
Infinity  approaches  zero. 


I8u.  Jakob,  I.  A.,  A,  Zaharescu,  and  L,  Dumit- 

rescu.  A  method  for  measuring  the  velocity 
of  s hock- wave  propagation, 

A  method  for  measuring  the  velocity  of 
shock-wave  propagation  is  discussed. 

The  measurements  by  a  simple  and  oompact 
unit  with  clrouit  components  of  original 
design  are  accurate  to  0.2  to  0.5 #  for 
Mach  numbers  from  1  to  4.  The  arrange¬ 
ment  of  the  system  is  described  and  shown 
In  a  diagram;  a  concise  description  of 
the  character is ties  of  the  component 
blocks  is  given. 


181.  Losev,  S.  A,,  and  Osipov,  A,  I,  An 

investigation  of  nonequilibrium  pheno¬ 
mena  In  shock  waves. 


Usm 

v,  74 
393-434 
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182. 


183. 


184. 


The  following  nonequilibrium  phenomena 
were  Investigated  In  shook  waves:  1) 
equalising  processes  based  on  the  ki¬ 
netic  theory  of  gases  (qualitative  study); 
2)  the  state  of  the  gas  In  a  shock  wave 
(experimental  study),  Die  operation  of 
a  shook  tube  was  also  studied. 


Ulippov,  B.  V.  A  variant  of  unsteady 
kinetic  equations  In  rare fled- gas  aero¬ 
dynamics. 

Unsteady  gas  flow  Is  described  by  a  system 
of  klnetlo  Integral  equations  derived  for 
the  case  In  whloh  the  initial  value  of 
the  distribution  function  is  given. 


Tslbarov,  V.  A.  Relationship  between 
equations  of  the  kinetic  gas  theory. 

The  connection  between  the  solutions  of 
integral-differential  and  integral- 
kinetic  equations  derived  by  Vallander, 
Fenner,  and  Sinter  is  established. 


Vallander,  S.  V.,  E,  A.  Gurmuzova,  and  B.  V. 
Filippov.  Kinetic  integral  equations  for 
an  arbitrary  conservative  field  of  external 
forces. 

A  system  of  kinetic  integral  equations  is 
presented  which  describes  the  motion  of 
a  gas  consisting  of  .particles  with 
internal  degrees  of  freedom  moving  In  an 
arbitrary  field  of  masB  forces  changing 
so  slowly  that  they  can  be  considered 
constant  within  the  limits  of  a  molecule. 


VcLUMMeAs 
no.  1 
142-146 


VeLUMMeAs 
no.  1 
147-151 


VeLUMMeAs 
no.  3 
87-89 
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185  Aleksenko,  X.  X.,  R.  0,  Barantsev,  and 
X.  N.  Panteleyeva.  The  method  of 
transversal  approximation  in  hypersonic 
flow. 

The  method  of  transversal  approximation 
is  used  for  establishing  the  relation 
for  the  variation  of  flow  parameters 
across  the  layer  between  the  shock  wave 
and  the  body  along  the  normal  to  the 
shock  wave.  The  basic  features  of  the 
method  are  analysed  through  quadratic 
approximation  of  the  stream  function;  a 
detailed  and  complete  study  is  oarrled 
out  for  the  oase  of  linear  approximation. 


186.  Lugovtsov,  B.  A.  (Novosibirsk).  The 
propagation  of  a  shock  wave  from  a 
distant  explosion  In  a  water  reservoir 
of  constant  depth. 

The  site  of  the  explosion  is  located  at 
a  distance  (comparable  to  the  depth  of 
the  reservoir)  such  that  the  disturbances 
caused  by  the  passage  of  the  shook  wave 
are  quite  small,  thus  permitting  one  to 
consider  the  motion  caused  by  this  pas¬ 
sage  as  short-wave  propagation. 


187.  Mezhlrov,  I.  X.  One-dime  isional  gas  flow 
in  a  channel  of  varying  cross  seotlon  in 
the  presence  of  friotlo.  and  heat  exchange. 

The  problem  of  calculating  one- dimensional 
gas  flow  in  a  channel  with  varying  cross 
seotlon  in  the  presence  of  friction  foroes 
and  heat  exohange  between  the  gas  and 
the  external  medium  is  considered.  The 
effect  of  these  factors  on  the  total 
gas  pressure  is  determined,  and  the  problem 
of  determining  the  channel-area  variation 
necessary  to  obtain  a  designated  Mach- 
number  distribution  for  a  given  heat  ex¬ 
change  law  is  solved. 


VeLUMMeAs 
no.  4 
62-77 


ZhPMoTF 
no.  3 
31-39 


ZhPMeTV 
no.  3 
92-95 


188.  Leonas,  V.  B.  A  study  of  interaction  between 
free-moleoule  flow  and  a  v;all. 

A  method  of  experimental  laboratory 
measurement  of  the  coefficient  of 
Impulse  transmission  in  the  now  of  a 
rarefied  gas  against  a  surface  is 
discussed.  An  installation  for  producing 
a  high-  -peed  molecular  beam  from  a 
supers c.ilo  Jet  of  rarefied  gas  is  des¬ 
cribed,  and  the  results  of  a  study  on 
the  angular  distribution  of  recoil 
molecules  are  given.  Measurements  of 
the  velocities  of  recoil  particles  art 
also  presented. 


lQy .  Korobeynikov,  V.  P.  An  analogy  between  a 
cylindrical  explosion  and  hypersonlo 
gas  flow  past  bodies. 

An  approximate  analytical  method  for 
determining  the  law  for  the  motion  of 
an  explosion  wave  and  the  pressure  In 
the  oenter  of  the  blast  is  presented. 
The  procedure  used  In  this  method  is 
compared  with  that  employed  in  the 
analysis  of  an  lnvlscld  hypersonic  flow 
past  blunted  bodies.  It  Is  shown  that 
with  an  Increased  Mach  number,  the 
shape  of  the  shock  wave  In  tte  flow 
approaches  that  of  an  explosion  wave. 


ly.j*  Lapin,  Yu.  V.  (Leningrad  Polytechnlcal 

Institute).  A  turbulent  boundary  layer 
In  dissociating  gaa. 

The  Influence  of  equilibrium  dissociation 
of  an  "ideal  dissociating  gas 11  on  friction 
and  heat  transfer  in  a  turbulent  boundary 
layer  of  a  plane  plate  Is  studied. 


ZhPiteTP 
no.  6 
39-44 


ZhPMeTP 
no.  6 
45-49 
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191.  Eulonen,  0.  A.  Application  of  the  Koohin- 
LoytoyanSiCiy  method  to  analysis  of  a 
laminar  boundary  layer  with  an  interface. 


ZhTF 

4 


The  flow  parameters  of  a  two-dimensional 
boundary  layer  at  the  stagnation  point  are 
dlsoussed.  It  is  assumed  that  a  film  is 
formed  on  the  aurfaoe  of  a  body  from  a 
substance  which  is  in  a  different  phase 
(gaseous  or  liquid)  than  that  of  the  on¬ 
coming  flow,  so  that  an  Interface  is  formed; 
The  densities  of  both  phases  are  constant, 
and  their  physical  properties  independent 
of  the  temperature.  The  surface-tension 
forces  are  neglected. 


192.  Lozgachev,  V.  I.  The  theory  of  free  mole  ZhTP 

cule  flow.  II.  Passage  through  chambers  v.  32  no.  9 
of  arbitrary  shape.  1123-1133 

The  general  problem  of  free-molecule 
flow  through  a  chamber  with  arbitrary 
looatlon  of  the  inlet  orifice  and  the 
outlet  orifice  is  considered,  that  is, 
the  probability  of  a  molecule  passing 
through  the  chamber  is  sought.  It  is 
assumed  that  the  mean  free  path  of  a 
single  molecule  is  greater  than  any 
dimension  of  the  chamber,  that  there  is 
no  interaction  between  molecules,  and 
that  the  chamber  walls  reflect  all 
Inoident  molecules  according  to  a  specific 
law. 


193,  Belotserkovskly,  0.  M.  (Computing  Center,  ZhVyohMCP 

Academy  of  Sciences  USSR).  Supersonic  2,  no.  o 

flow  of  perfect  and  real  gases  around  1062-108$ 

blunt-nosed  bodies. 

The  method  of  integral  correlation  is 
applied  to  the  problem  of  hypersonio  flow 
around  blunt  bodies  at  Mach  numbers 
ML  »  4  to  H.--. 
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194*  ■•••#  H*  ( PhysikalisoiwTeohnisches 

Inst i tut,  Bereioh  Strahlungsquellen, 
der  deutsohen  Akadeale  der  Wlsscn- 
sohaften) .  Discontinuity  conditions 
in  the  front  of  an  ionising  shook 
wars. 

The  gaadynamlo  parameters  upstream  from 
an  ionising  shook  wave  propagating  in 
helium  at  25  mm  Ug,  at  velocities  of  less 
than  20  M,  were  calculated  by  means  of 
the  Ranklne-Hugonlot  equations,  equations 
of  state ,  and  the  Saha  equation  for  ioni¬ 
sation.  The  density,  pressure,  tempera¬ 
ture,  gas  velocity,  and  degree  of  ioni¬ 
sation  were  plotted  for  ionizing  and  non- 
ionising  waves  as  functions  of  M  up  to 
M  -  18. 


195.  Mikhaylova,  M.  P*  Motion  of  gas  behind  an 
asymmetrical  piston. 

The  motion  of  piston  in  a  homogeneous 
gas  is  inv  stlgated  under  the  assump¬ 
tion  that  vhe  gas  in  front  of  the  piston 
is  at  rest.  The  solution  is  sought  for 
self-similar  motion  of  the  gas  behind  a 
piston  moving  at  a  constant  speed. 


iy6.  Korobeynikov,  V.  P.,  and  V.  P.  Karllkov. 

The  parameters  and  shape  of  a  shock  wave 
front  produced  by  an  intense  explosion. 

An  approximate  method  is  presented  for 
calculating  the  parameters  and  shape  of 
a  shock  wave  produced  by  a  point  explosion 
in  an  inhomogeneous  medium.  Analytical 
relationships  permitting  determination  of 
the  shape  are  given,  together  with  the 
law  of  its  change  with  time.  The  method 
can  be  applied  to  the  problem  of  explosions 
In  a  noniso thermic  atmosphere. 


106^ 
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197. 


198. 


i  j'j. 


200. 


Kuksenko,  B,  V.  (Moscow  State  University). 
A  method  of  rarefied-gas-flow  analysis. 

A  method  Is  outlined  for  setting  up 
systems  of  equations  for  many  functions 
of  a  small  number  of  Independent  veri¬ 
ties  which  are  sufficient  for  obtaining 
an  approximate  solution  of  aerodynamic 
problems  of  rarefied  gases. 


Struminskly,  V.  V.  (Corr.  member,  AN  SSSR). 
On  the  nonlinear  theory  of  aerodynamic 
stability. 

The  successive-approximation  (small- 
parameter)  method  is  applied  to  the 
study  of  the  aerodynamic  stability  of 
disturbed  viscous  incompressible  fluid 
flows  between  two  parallel  walls  and  in 
the  boundary  layer.  The  bounds  of  sta¬ 
bility  and  the  development  of  disturbances 
with  time  are  discussed. 


Petrosyan,  L.  Q.  On  the  solution  of  the 
boundary-layer  equation. 

A  solution  of  the  boundary-layer  dif¬ 
ferential  equation  is  presented  in  the 
case  when  the  pressure  gradient  is  zero 
and  the  equation  of  the  potential- flow 
velocity  are  given.  Expressions  for  the 
flow  parameters  and  shear  stresses  on  a 
plane  surface  are  derived. 


ainevskly,  A.  S.,  and  Ye  Ye.  Solodkin.  The 
effect  of  transverse  surface  curvature  on 
.  characteristics  of  an  axisyuunetrlo,  non- 
isotheroal,  oompressible  turbulent  boundary 
layer. 


DAN  SSSR 
v.  151,  no.  5 
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A  theoretical  investigation  of  the  above- 
mentioned  problem  In  a  high  oupereonio 
flow  la  presented.  Flows  past  oonvex 
(oylindrioal)  and  oonoave  (ohannol)  sur¬ 
faces  are  discussed  for  various  Reynolds 
and  Mach  numbers,  and  various  values  of 
a  temperature  parameter  are  dlsoussed. 


201.  D*yakonov,  Yu.  N.,  and  N.  A,  Zaytseva, 
Supersonic  flow  of  an  Ideal  gas  about 
a  blunted  body. 

The  axisymmetrioal  supersonic  flow  field 
around  a  blunt  body  is  investigated.  The 
results  of  calculations  for  flows  at 
M  m  3,  4,  6,  10  and  past  a  sphere  and  past 
spherically  blunted  cones  are  presented. 


XzAN  MeMa 
no.  1 
118-123 


202.  Shkadov,  V.  Ya.  The  boundary  layer  with  IzAN  MeMa 

pressure  gradient  in  compressible  fluid  no.  2 

flow.  28-32 

A  boundary  layer  problem  in  a  compressible 
fluid  flow  under  the  assumption  that  the 
viscosity  varies  linearly  with  temperature 
and  that  the  Prandtl  number  is  constant. 


InFZh 
no.  5 
86-91 

criteria  for  evaluation  of  various  phenomena 
and  their  corresponding  terms  in  a  complete 
system  of  Cifferentihl  boundary  layer 
equations,  taking  into  account  all  the 
factors  resulting  from  the  molecular-kinetic 
theory  of  matter.  Diffusion  and  energy 
equations  are  considered.  The  expression 
for  the  reference  term  is  established  and 
its  selection  procedure  outlined  for  both 
equation*.  An  approximate  method  is  developed 
for  calculating  the  dimensionless  para¬ 
meters  of  both  equations,  which  makes  it  pos¬ 
sible  to  determine  the  relative  role  of 
every  separate  term. 


203.  '  Motulevlch,  V,  P.  Evaluating  terms  of 
boundary  layer  equations. 

An  attempt  is  made  to  obtain  quantitative 
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204,  Kozlov*  L,  7,  Optimum  boundary-layer  bleed 
on  a  porous  plate  in  an  incompressible 
fluid. 

The  optimum  suction  of  an  incompressible 
fluid  from  the  boundary  layer  on  a  porous 
plate  is  Investigated  theoretically. 
Laminar  friction  coefficients*  and  local 
and  total  amounts  of  removed  fluid  are 
determined. 


XnFZh 

v.  6*  no.  10 
88-92 


203*  Galkin,  V.  S.  The  effects  of  slip  in  hyper-  XnZh 

sonic  slightly  rarefied  gas  flow  past  bodies,  v.  3*  no.  1 

27-36 

The  effects  of  slip  on  aerodynamic  para¬ 
meters  of  bodies  in  a  hypersonic  rarefied- 
gas  flow  and  the  limits  of  applicability  of 
laminar  boundary  layer  theory  to  the 
description  of  a  viscous  disturbed  flow 
past  plane  and  axisymmetric  bodies  are 
discussed.  Expressions  for  slip- 
veloolty  and  temperature  jumps  are 
derived  and  the  terms  of  the  Burnett 
equation  along  the  wall  are  evaluated 
by  using  the  local  similarity  method  and 
self-similar  solutions  of  the  boundary 
layer  equations. 


206.  Neyland*  V.  Ya.*  and  G.  I,  Teganov.  Super-  InZh 

aonlo  separated  flows.  v.  3*  no.  2 

A  detailed  study  on  the  configurations  of 
forward  separated  flow  regions  in  supez^ 
sonic  flow  past  symmetric  bodies  is  presented. 

The  angle  of  flow  separation  is  determined* 
and  its  dependenoe  on  Maoh  number  is  estab¬ 
lished  for  the  ease  when  the  ratio  of  the 
viscous  boundary-layer  thickness  on  the 
interface  of  the  oonloal  separated  region 
near  the  reattaohzoant  point  to  the  radius 
of  body  curvature  in  the  meridional  oross 
seotlon  tends  to  sero. 
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207.  Bukov shin,  V.  0.,  and  0.  I.  Taganov.  InZh 

Determination  of  the  aerodynamic  forces  v,  3#  no.  2 

acting  on  bodies  with  separation  regions  215-221 

in  hypersonlo  flows. 

A  theoretical  method  is  outlined  for 
oaloulatlng  the  aerodynamic  foroes  acting 
on  bodies  of  arbitrary  Bhape  In  hypersonic 
flows  in  the  presence  of  separated  flow 
regions  of  given  configurations.  The  method 
is  applied  to  the  calculation  of  lift  and 
drag  for  a  sphere  and  a  cone,  both  with 
a  spike  at  an  angle  of  attack. 


206.  Koshmarov,  Yu.  A.  (Moscow) .  Rarefied  gas 
flow  along  a  wall  suddenly  set  in  motion. 

The  dynamic  behavior  of  a  gas  set  in  motion 
by  a  sudden  movement  of  the  gas-confining 
infinite  plane  is  investigated  on  the  basis 
of  moleoular  theory  and  under  the  assumption 
that  the  velocity  of  the  plane  is  smaller 
than  thea  velocity  of  sound  in  the  gas.  An 
equivalent  system  of  equations  of  moments 
is  used  instead  of  the  Maxwell-Bolt zmann 
equation  for  determining  the  function 
of  moleoular  velocity  distribution. 


InZh 

v.  3j  no.  3 
433-441 


209.  Be, dy agin,  A.  A.  The  maximum  lift-drag  ratio  izVUZ  AvT 
of  an  aircraft.  no.  1 

3-9 

The  effect  of  balancing  (static  stability) 
on  the  lift-drag  ratio  of  a  conventional 
and  of  a  "oanard"  type  supersonic  air¬ 
craft  is  investigated. 


210.  Xhaldeyev,  V.  M.  The  selection  of  optimal  Ii;VUZ  ivr 

parameters  of  aircraft  mechanisms.  no.  1 

66-79 

An  engineering  method  is  described  for 
the  design  of  aircraft  mechanisms  which 
are  to  be  set  within  a  strictly  limited 
contour.  The  particular  case  of  a  land¬ 
ing-gear  mechanism  is  considered. 
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211,  Slrazatdinov,  T.  JC,  Optimal  problems  of 
gasdynamlos. 

A  system  of  equations  Is  derived  for 
determining  an  optimum  body  surface 
having  minimum  drag  or  maximum  heat 
dissipation  (minimum  heat  flow  into 
the  body).  The  equation  of  a  minimum- 
drag  airfoil  in  supersonlo  flow  is 
dlsoussed  in  detail. 


212,  Vinogradov ,  B.  S. ,  and  Z.  0.  Shaykutdinov. 
An  approximate  method  for  calculating 
the  detached  bow  shook  wave  in  supersonlo 
flow  past  blunt  bodies. 

An  approximate  method  is  outlined  for 
rapid  evaluation  of  the  basic  parameters 
of  a  detached  bow  shock  wave  and  of 
flow  behind  it.  It  may  be  applied  with 
Bufflolent  practical  aocuracy  to  either 
plane  or  axlsymmetrlo  flows. 


213.  Dolomanov,  Ye.  Q.  The  calculation  of  air 
parameters  behind  a  normal  shock  with 
stagnation-temperature  inversion  taken 
into  aooount. 

The  flow  parameters  in  the  region  of  the 
stagnation  point  are  calculated,  taking 
the  effect  of  temperature  inversion 
into  account.  A  graph- analytical  method 
is  used  for  calculating  the  gas dynamic 
and  thermodynamic  parameters  of  air;  the 
effects  of  ionisation,  dissociation,  N0- 
molecule  formation,  and  variable  specific 
heat  are  considered. 


2x4  Sidorov,  0.  P.  A  certain  class  of  vortex 
flows. 

Hydrodynamic  effects  on  flows  which 


IzVUZ  AvT 

*  no.  2 
11-21 


IzVUZ  AvT 
no.  2 
60-64 


IzVUZ  AvT 

no.  2 
63-69 


IzVUZ,  AVf 

no.  4 
175-179 
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exclude  the  formation  of  snook  waves 
{ specially  selected  vortex  fields  have 
this  property)  are  Investigated  to  the 
first  approximation.  A  nonlinear  system 
of  gas  dynamic  equations  describing  a 
plane,  steady  flow  of  an  inviaoid,  compres¬ 
sible  gas  Is  considered  and  after  oertaln 
analytical  transformations  reduced  to  a 
linear  systozc. 


215.  Vallander,  S.  V.  (Editor).  Soviet  studies 
of  rarefied  gases  (X),  (II),  and  (III). 


216,  Varzhanskaya,  1  Ye.  I.  Obroskova,  and 
Ye.  N.  Staro'v  *.  Boundary  layer  In  the 
vicinity  of  a  stagnation  point. 

An  analytical  investigation  is  presented 
of  a  compressible  laminar  air  boundary 
layer  near  the  stagnation  point  of  a  flat 
porous  plate  through  which  hydrogen  is 
uniformly  injected. 


217.  Golitsyn,  0.  S.  Correlations  in  looal 
isotropic  turbulence. 

A  study  of  velocity  correlations  and 
pressure  distributions  is  made  on  the 
basis  of  Kolmogorov's  theory  of  locally 
isotropic  turbulenoe.  The  statistical 
characteristics  of  the  turbulence  in 
the  whole  equilibrium  range  are 
calculated  with  the  use  of  a  spectral 
density  mode  whloh  at  high  wave 
numbers  deoays  like  a  Gaussian  function. 
Where  possible,  these  characteristics  are 
oompared  with  results  obtained  on  the 
basis  of  other  turbulenoe  models,  for 
example,  models  with  constant  asymmetry 
and  Heisenberg  modes. 


LU 
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2 J  0.  Oonor,  A.  L.  Three-dimensional  minimum-  PMMo 

drag  bodies  at  high  supersonic  speeds.  v,  27.  no.  1 

185-189 

Supers onio  flow  around  a  oonioal  body 
is  analyzed  and  expressions  for  pressure 
and  drag  ooeffioients  are  derived.  The 
drag  ooeffioient  formula  is  used  to  reduce 
the  problem  to  the  separate  determination 
of  optimal  shapes  for  meridional  and 
transverse  seotions.  The  calculations 
show  that  the  optimal  cross  section  is 
star-shaped.  The  possibility  of  determin¬ 
ing  the  optimal  transverse  section  of  a 
body  having  one  of  its  sides  a  plane 
parallel  to  the  flow  is  indicated. 


219 1  KTsyko,  A.  N.  (Moaoow).  On  the  determine-  PMMe 

tlon  of  minimum -drag  bodies  by  use  of  the  v.  27,  no.  3 
Newton  and  Buseman  pressure  coefficient  484-493 

laws. 

After  reviewing  a  series  of  studies  on 
determining  the  shape  of  bodies  having 
minimum  drag  under  oertaln  types  of 
restrictions,  the  author  analyzes  the 
same  problem  with  various  arbitrary 
restrictions. 


220.  Savulesou,  S.  N, ,  and  V.  Toma.  An  ex¬ 
perimental  investigation  of  the  inter¬ 
action  of  a  low-intensity  jet  with  an 
incompressible  boundary  layer  on  a  flat 
plate. 

The  principal  results  of  an  experimental 
investigation  of  the  transition  of  an 
incompressible  boundary  layer  on  a  flat 
plate  initiated  by  a  low-intensity  Jet 
are  presented.  A  brief  description  of 
the  experimental  setup  is  given. 


StuOeMeAp 

v.  14,  no.  5 
2037-1063 
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22l«  Soloukhin,  R.  I,  Detonation  waves  in 
(MM. 

This  review  of  125  artiolaa  (86  Soviet) 
published  in  1959-1963  on  detonation  wavee 
in  gaaes  deals  with:  experimental  methods 
for  studying  gas  parameters  behind  a 
detonation  front,  characteristics  of  gas 
ignition  behind  a  shook  wave,  transition 
from  deflagration  to  detonation  In  gases, 
gas  pulsations  behind  the  detonation 
front,  detonations  in  steady  gas  flows. 
Unsolved  problems  and  prospective  research 
are  briefly  dlsoussed. 


4 


222.  Baush,  0.  The  small- parameter  method  in  VeLUMKeAs 

the  hypersonic  flow  of  an  Ideal  gas  no.  1 

past  pointed  bodies.  86-89 

The  method  of  a  small  parameter  Is  used 
for  determining  the  hyperaonlo  charac¬ 
teristics  of  flow  of  a  perfeot  gas  past 
plane  and  axlsymmetrloal  pointed  bodies. 

The  method  does  not  lead  to  a  singularity 
at  the  sero-oont our- pressure  point. 


223.  drib,  A.  A.,  0.  Baush,  and  L.  M.  Vyaz ' -  VeLUMMeAs 

menskaya.  Some  special  features  of  no.  1 

hypersonic  gas  motion.  96-105 

Flow  past  bodies  of  revolution  and 
flat  contours  with  arbitrary  dependence 
of  internal  energy  on  pressure  and 
temperature  is  deterained  by  a  procedure 
based  on  the  methods  of  0.  0.  Cherayy 
and  Q.  A.  Lyubimov.  Some  apeolal 
features  connected  with  the  solution 
of  the  Mists  equations  in  the  form  of 
a  series  are  discussed. 
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2 24.  Onufrlyev,  A.  T.  A  model  of  nonequilibrium  ZhPMaT? 

processes  in  continuum  meohanios.  no.  1 

47-56 

An  attempt  is  made  to  oonstruot  a  model 
of  the  transfer  prooesses  in  some  linear 
problems  with  one-dimensional  transfer, 
considering  the  free-moleoule  flow.  The 
oonoept  of  the  mean  free  path  is  reviewed, 
and  the  flow  of  a  rarefied  gas  past  a  semi¬ 
infinite  plate  is  analysed. 


225.  Romanenko,  P.  N. ,  and  V.  N.  Kharchenko. 

The  effeot  of  gas  injeotion  into  a  turbu¬ 
lent  boundary  layer  on  skin  frlotlon. 

The  boundary  layer  on  a  flat  porous  plate 
is  experimentally  studied  in  respect  t-o 
the  effect  on  its  dynamlo  characteristics 
of  injecting  freon,  COo,  and  air  into  it. 

A  flow  of  heated  gas  with  increasing  and 
decreasing  pressure  gradients  is  considered. 
A  detailed  desorlptlon  of  the  experimental 
facilities  and  test  procedure  is  presented. 
An  approximate  procedure  is  suggested  for 
oaloulatlng  the  dynamic  boundary  layer  in 
the  oase  of  turbulent  gas  flow  with  a  longi¬ 
tudinal  pressure  gradient  and  transverse 
mass  transfer. 


226.  Korobeynikov,  V.  P.  (Moscow),  P,  I.  Chushkln,  ZhPMeTV 
(Moscow).  Calculation  of  the  initial  no.  4 

stage  of  a  point  explosion  in  various  gases.  48-57 

A  numerical  solution  of  a  linearised  point- 
explosion  problem  with  baok  pressure  taken 
into  aocount  is  considered  in  the  oases 
of  plane,  oyllndrloal,  and  spherical  waves 
in  gases  within  a  wide  range  of  adlabatio 
exponent.  A  method  is  outlined  for  the 
solution  of  linearized  .  blast-wave  problems 
which  is  very  convenient  for  computer 
calculations. 


ZhPMeTP 
no.  1 
77-83 
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227.  Aduehkin,  V.  Y.  (Moscow),  I.  V.  Memohinov 
(Kosoow).  Approximate  datarminatlon  of 

?aa  parameters  behind  a  shook-wave  front 
or  the  presoribed  law  of  ahook  propaga¬ 
tion. 

A  method  la  outlined  for  approximate 
determination  of  gaa  parametera  bohlnd 
a  a hook-wave  front  from  the  given  law  of 
ahook-wave  propagation.  The  method  la 
baaed  on  calculation  of  baalo  derivative a 
of  gaadynamlo  parametera  at  the  ahook- 
wave  front  in  Lagrange1  a  coordinate  ayatem 
and  oonalate  of  the  linear  extrapolation 
of  pressure  along  the  maea  of  gaa  in  motion 
with  reepeot  to  a  known  value  of  the  preaeure 
derivative  at  the  wave  front.  The  other 
parametera  are  oaloulated  from  gaadynamlo 
equations. 


228.  Shldlovakly,  V,  P.  (Moaoow).  A  problem 

of  gaa  polnt-nasa  eaoape  and  lta  aolutlon 
by  meana  of  the  klnetlo  theory. 

An  unsteady  motion  of  a  monatomlo  gas, 
corresponding  to  the  escape  of  a  point 
maaa  Into  vacuum,  was  studied  by  means 
of  the  klnetlo  theory  of  flows  on  the 
basis  of  the  solution  of  the  Boltzmann 
equation  in  the  case  of  nonequillbrlum 
initial  distribution.  Collisions  among 
the  molecules  themselves  were  neglected. 
The  more  general  case  of  escape  in  the 
presence  of  a  steady  potential  power  field 
was  also  considered. 


229.  Aduahkln,  V.  V.  (Mosoow).  Formation  of 
a  shook  wave  and  dispersion  of  explosion 
products  into  the  air. 

The  law  of  motion  of  a  shock- wave  front 
and  the  explosion  products  from  detonation 
of  spherical  charges  of  certain  explosives 
in  the  air  were  Investigated  experimentally. 
The  dependence  of  the  shock- front  baslo 
parameters  on  the  shock-front  velocity  la 


ZhPNeTF 
no.  4 
58-67 


ZhFMsTP 
no.  4 
74-77 


ZhFMsTF 
no.  5 
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established  near  the  souree  point  and  at 
dlstanoes  at  which  the  Sadovskly  formulas 
are  satisfied.  The  dependence  of  shock- 
layer  thickness  on  dlstanoe  Is  derived  In 
the  region  of  detonation- product  action. 

A  set  of  photographs  of  data  obtained  by  a 
plezoeleotrlo  sensor  Is  given.  The  pressure 
and  density  distribution  in  the  region 
between  the  shock  front  and  contact  surface 
Is  obtained  on  the  basis  of  experimental 
data  by  a  method  similar  to  the  thin-layer 
method  used  by  Chernyy. 


230.  Zaydel',  R.  M.  (Moscow),  and  Ya.  B.  Zel'- 

dovloh  (Moscow).  One-dimensional  instability 
and  attenuation  of  a  detonation. 

Instabilities  associated  with  perturbations 
causing  distortion  of  the  shook  front  were 
analyzed.  In  this  detonation  wave  In¬ 
stability  different  temperatures  are  estab¬ 
lished  In  Individual  sections  of  the  shook 
front  and  amplification  of  the  porturbat ion 
results  In  the  ooourrenoe  of  Ignition  steps 
and  collisions  which  in  turn  oause  spinning 
detonation.  In  tne  present  study ,  the 
stability  of  a  detonation  wave  Is  considered 
with  respect  to  the  changes  In  the  dlst  ^oe 
bstween  the  shook  front  and  the  chemical 
reaction  tone. 


231.  Shugayev,  F.  V.  Interaction  of  a 

supersonic  stream  with  an  obstacle. 

An  experimental  investigation  of  the 
motion  of  a  shock  wave  caused  by  the 
Interaction  of  a  supersonic  stream 
(M  -  1.5  to  1.65)  In  a  shock  tube  with 
a  cylinder.  The  shock  wavs  vsloclty  is 
determined  and  the  duration  of  the 
transient  motion  is  measured. 
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232.  Anisimov,  S.  I. ,  and  Yu.  V.  Khodyko .  Gas 
flow  about  the  forward  stagnation  point 
of  a  blunt  body  with  retarded  excitation 
of  vibrations. 

The  gas  flow  near  the  stagnation  point 
of  a  blunt  body  is  studied  in  the  velooity 
range  where  there  is  no  appreciable  dis¬ 
sociation  behind  a  detached  shook  wave, 
in  the  presence  of  retarded  excitation  of 
vibrations. 


1964 

2  33'Telenln,  0.  F.,  and  G.^P.  Tlnyakov.  A  “VKR  SSSR 

method  for  three-dimensional  analysis  v.  154,  no.  5 

of  flows  around  bodies  with  detached  I057-i05o 

shook  wave. 

A  numerical  method  developed  by  the  authors 
for  integrating  gas-dynamics  equations 
to  analyze  supersonic  flows  around  bodies 
with  detached  shock  wave  is  extended  to 
the  case  of  three-dimensional  flows  with 
a  detached  shock  wave.  Some  results  of 
the  calculations  for  ellipsoids  of 
revolution  are  presented.* 


ZhTF 

v.  33#  no.  11 
1333-1337 


234.  Generalov,  N.  A.,  S.  A.  Loscu,  and  A.  I. 
Osipov. 

The  distribution  of  vibrational  energy 
of  molecules  of  Ng  and  Og  and  tempera¬ 
tures  behind  the  front  of  a  normal  shock 
wave  are  determined  with  and  without 
effects  of  vibrational  quanta  taken  into 
account,  by  using  a  simultaneous  system 
of  equations  of  conservation  of  mass, 
impulse,  and  energy,  also  of  equations 
of  state  and  relaxation.  The  shoclo- 
wave  velocities  M  -  5,  9,  and  20  at  an 
initial  pressure  of  1  mm  Hg  are  consi¬ 
dered. 
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235. 


236. 


237. 


238. 


Koshmarov,  Ya.  A.  ( Institute  of  Mechanic*, 
Academy  of  Soienoes  USSR).  On  the  rare¬ 
faction  effect  on  g&a dynamics  surface 
friction  when  gas  is  injected  or  sucked 
through  a  wall. 

The  problem  of  steady  flow  of  a  rarefied 
Maxwellian  gas  between  two  permeable 
surfaces  moving  relatively  to  eaoh  other 
at  a  low  speed  is  discussed  on  the  basis 
of  molecular  motion. 


Gczdovskly,  0.  L.  Yu.  N„  Ivanov,  and 
V.  V.  Tokarev.  The  mechanics  of  low- 
thrust  space  flight.  Ill 

This  third  part  contains  a  discussion 
of  the  problems  associated  with  limited- 
power  propulsion  systems  —  their  optimum 
control,  reliability  in  operation,  and 
weight.  Propulsion  systems  related  to 
those  of  low  thrust  are  also  examined. 


Pudoveyev,  A.  P.  The  supersonlo  analogy 
method  for  calculating  one- dimensional 
unsteady  gas  flows. 

The  supersonlo  analogy  method  is  extended 
to  determining  the  quantitative  relation¬ 
ships  and  calculating  unsteady  flows.  A 
self-similar  unsteady  flow  is  oompared 
with  the  Prandtl-Meyer  flow.  The  relations 
obtained  here  can  be  used  for  determining 
the  gas  flow  parameters  for  arbitrary 
boundary  conditions  up  to  the  formation  of 
a  shock  wave. 


Romanenko,  P.  N. ,  and  Y.  N.  Kharchenko. 
The  effeot  of  gas  injection  into  a 
turbulent  boundary  layer  with  a  longi¬ 
tudinal  pressure  gradient  on  skin  fric¬ 
tion. 


InPZh 

hik no* 6 


InZh 

v,  no.  1 
168-196 


IzVUZ  AvT 
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81-87 
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The  results  of  an  experimental  Investi¬ 
gation  of  baslo  dynamic  characteristics 
of  a  turbulent  boundary  layer  on  a  porous 
plate  in  a  longitudinal  hot-air  flow  with 
accelerating  and  adverse  pressure  gradients 
In  the  direction  of  flow  are  presented. 


239. 


Pavlova,  L.  M.  (Mosoow). 
Shmyglevskiy  (Moscow), 
layer  In  radiating  gas. 


and  Yu.  D. 
Boundary 


Plane  and  axi symmetrical  flows  of 
radiating  gas  In  the  boundary  layer 
over  plane  surfaces  (for  example,  a 
double- wedge  airfoil,  the  plane  front 
portion  of  bodies  of  revolution,  et 
cetera)  are  discussed.  The  simplifi¬ 
cations  of  the  expressions  for  the 
flux  of  radiant  energy  (essentially 
facilitating  the  computations)  are 
studied,  and  a  orlterlonal  inequality 
for  determining  the  validity  of  such 
simplifications  is  derived. 


ZhPMeTF 
no.  1 
109-113 


240.  Korotkov,  P.  P.  (Moscow).  On  Mach 
reflection  of  shock  waves. 

The  self-similar  problem  of  determining 
the  configuration  of  shock  waves  in  Mach 
reflection  of  a  normal  shock  from  a 
plane  rigid  wall  (wedge)  is  discussed. 
The  location  of  the  Mach  wave  (relative 
to  the  incident  shock)  and  its  intensity 
at  the  wall  are  determined,  as  well  as 
the  reflection  coefficient. 


ZhPMeTF 
no.  1 
114-116 


241.  Gladkov,  A.  A.  (Mosoow).  The  effect 
of  relaxation  entropy  layer. 

Relaxation  processes  in  a  hypersonic 
flow  of  a  inviscid,  heat-  nonconducting 
gas  past  a  blunt-nosed  body  are  examined, 
assuming  that  relaxation  processes  occur 

in  the  gas  behind  the  normal  shock  wave. 
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The  relaxation  entropy  layer  parameters 
(pressure  gradient  density,  gas  velocity) 
are  briefly  discussed. 


o 


242.  Zhilin,  Yu.  L.  (Moscow).  On  the  theory 
of  an  entropy  layer. 

The  formation  of  an  entropy  layer  ac¬ 
companied  with  a  distortion  of  the  shock 
In  a  hypersonic  flow  of  an  ideal  gas 
around  slender  pointed  bodies  is  dis¬ 
cussed.  The  point  of  origin  of  the 
entropy  layer,  the  Intensity  of  its 
growth,  and  its  thickness  are  examined. 


ZhPMeTF 
no.  1 
118-120 


243.  Belotserkovskiy,  S.  M.,  V.  S.  Sukhorukikh, 
and  V.  S.  Tatarenchik.  Determining 
the  density  distribution  in  three- 
dimensional  gasdynamic  flows  by  means 
of  optical  methods. 

A  method  is  proposed  for  investigations 
of  three-dimensional  gas  flows  by  means 
cf  quantitative  optical  methods.  Approxi¬ 
mating  functions  which  describe  the 
density  field,  including  the  form  of 
a  shock  wave  front,  are  selected  on 
basis  of  empirical  data  obtained  by 
optical  measurements.  A  system  of 
linear  equations  is  derived  from  which 
the  density  distribution  around  the 
obstacle  and  the  shock-wave  form  can 
be  determined. 


ZhPMeTF 
no.  3 
95-99 


244.  Soloukhin,  R.  I,  On  detonation  in  a  gas 
heated  by  a  shock  wave. 

Experimental  shock- tube  data  oh  the 
formation  of  detonation  waves  :tn 
mixtures  of  adiabatically  heated 
inert  gases,  are  given.  The  process 
of  development  of  self, ignition  in 
a  shock- tube  is  discussed.  Analytical 
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ana  experimental  values  of  detonation- 
wave  parameters  are  compared  In  graphs 
and  diagrams. 


245.  Zaytsev,  S.  Q .,  Ye.  V.  Lazareva,  and 
A.  P.  Shatllov.  Investigating  the 
normal  shooto-wave  reflection  In  a 
shook  tube, 

The  apparatus  and  the  method  for 
Investigating  the  normal  reflection 
of  a  shook  wave  from  a  rigid  wall  are 
described.  The  state  cf  gas  behind  the 
shook  wave  Is  determined  for  various 
Mach  numbers  (2  to  6)  in  oarbon  dioxide, 
nitrogen,  and  argon.  The  density  field 
behind  a  reflected  shook  wave  Is  studied. 
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GROUP  A  AiiKO MECHANICS  OP  HIGH-SPEED  PLOWS 


A-2  Aerodynamics  of  Bodies 
Plates  and  Cylinders 
Wedges 
Wings 
Airfoils 

Wing-Body  Systems 
Blunt  and  Pointed  Bodies 
Slender  Bodies 
Lift-Drag  Ratio 


246. 

A-2  AERODYNAMICS  OF  BODIES 

Donor,  A.  B.  A  flat  wing  with  thorp 
edget  in  a  tuptrtonle  strata. 

Translations  NAOA  Tech.  Nsa. 

Do.  1394  (1936) 

J.9J* 

TaXU  MeMa 

no.  3 

603-626 

247. 

Gurevich,  M.  (Institute  of  Mechanics, 
Academy  of  Soisnoss  USSR,  Mosoow). 

The  lift  of  a  swept-baok  wing. 

1946 

mM 

v.  10,  no.  4 
513-520 

Translation:  NAOA  Teoh.  Mem. 

No.  1245  (1949) 

248. 

Xrasll'shohlkova,  Ye.  A.  The  effeot 
of  the  wing-edges  at  supersonic 

speeds. 

1947 

DSN  SSSR 
v.  58,  no.  4 
543-546 

Vibration  of  a  thin,  deformable 
finite- span  wing  moving  at  super- 
sonio  speed  is  discussed.  The  method 
described  here  for  determining  the 
veloolty  potential  at  any  point  of 
the  wing  and  the  normal-velocity 
component  due  to  vibration  is  ap¬ 
plicable  to  wing  edges  of  arbitrary 
shape. 

249. 

Kraall ' shohikova,  Ye.  A.  The  effeot 
of  the  wing  edges  of  a  vibrating 
wing  moving  at  supersonic  speeds. 

DAN  SSSR 
v.  58,  no.  5 
761-762 

A  supplement  to  the  author's  preceding 
article  (2jjB) ,  is  presented,  and  the 
solution  is  obtained  in  the  form  of  an 
absolutely  converging  series. 

250. 

Sedov,  L.  I.,  M.  P,  Mikhaylova,  and  0.  0. 
Chemyy.  The  effect  of  gas  viscosity  and 
heat  conductivity  on  the  flow  behind  a 

1953 

VALuMMeAs 
no.  3 

95-100 
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large  curvature  shook  wave. 

Supersonlo  gas  flow  past  a  body  of  revolu¬ 
tion  with  a  strong  shook  wavo  Is  dlsousssd 
with  tha  sffsot  of  viscosity  and  hsat  oon- 
duotivity  taken  into  account. 


251.  Aslanov,  S.  K.  Low-supersonic  flow  of  an  "HIRe’ 

ideal  gas  past  a  thin  wsdge,  v.  18.  no,  5 

561-572 

A  simplified  method  of  determining  the 
drag  of  a  thin  wedge  in  a  supersonic 
flow  with  a  detaohed  shook  wave  is  pre¬ 
sented,  The  sonlo  similarity  law  is 
used  to  derive  formulas  for  the  drag 
ooefflolent  r.f  a  wedge  and  of  a  double¬ 
wedge  airfoil  in  oases  of  a  detaohed  and 
attached  s hooks. 


252.  Aelanov,  S.  K.  Magnitude  of  a  local 

supersonlo  sons  in  a  supersonlo  flow 
of  ooiqpresslble  gasjpast  a  v  ige. 

The  influence  of  the  wedge  apex  angle 
and  of  the  flow  veloolty  is  shown. 


1955 


v,  19*  no, 
359-362 


3 


2 53.  Tur'yev,  I,  N,  On  the  linearised  theory 

of  supersonlo  gas  flows  past  bodies  of 
revolution. 


v.  19*  no, 
363-36/ 


3 


An  approximate  final  form  solution  of 
the  linearised  equation  for  axisymmetrio 
supersonlo  gas  flows  is  proposed.  This 
proposed  method  is  suitable  for  oaloula- 
tlng  parameters  of  flows  around  annular 
bodies  of  revolution  and  around  the  outer 
parts  of  such  bodies. 
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25**. 

) 


*ogan#  H.  N.  Theory  of  flow  past  bodies 
of  relatively  small  aspaot  ratio. 

The  possibility  of  adapting  o informal 
mopping  to  ths  solution  of  three- 
dimensional  problsms  of  flow  past  wings 
is  studlod  In  a  mors  prsolss  sotting 
than  ths  thin- wing  thsory. 


v.  20,  no.  1 
87-94 


255.  Lunev,  V.  V.  Laminar  boundary  laysr  of  a  PM  Ms 

oomprssslbls  gas  with  large  temperature  v.  20.  no.  * 

gradients  on  a  plate.  395-401 

The  temperature  range  considered  includes 
the  temperature  of  air  dissociation.  A 
method  of  suooessive  approximations  for 
determining  the  flow  parameters  is  given 
for  steady  boundary  conditions. 


256. 


Aslanov,  S.  K.  Drag  of  a  curvilinear 
profile  in  a  sonio  flow. 

Sonic  flows  past  «  wedgelike  body  at 
a  zero  angle  of  attaok  are  studied. 
Various  methods  of  aolutlon  are  reviewed. 


PMMe 

v.  20,  no.  6 
756-760 


257. 


Belotserkovskly,  0,  M.  (Computing  Center 
Academy  of  Sciences  USSR,  Mosoow).  Flow 
past  a  circular  cylinder  with  detached 
shock  wave. 


1957 

tottsssr 

v.  113,  no.  3 
509-512 


Translation:  M.  D.  Friedman,  NoB-131 


•258.  Chernyy,  0.  0.  (Moscow).  Hypersonic  flow  DAN  SSSR 

past  an  airfoil  with  a  slightly  blunted  v.  114,  no.  4 
leading  edge.  721-724 


Translation:  M.  D.  Friedman,  No.  C-112 
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259.  Qtomyy*  G.  G.  (Mosoow).  Hypersonic  Flow  DAN  SSSR 

around  a  slender  blunt  oone.  lb$ Is no- 4 

Translation:  M.  D.  Friedman,  No.  C-113 

An  approximate  solution  Tor  hypersonic 
flow  past  a  slender  blunted  oone  Is 
derived,  and  results  are  compared  with 
experimental  data.  Mass  concent ration 
In  the  perturbed  region  Is  assumed  to 
be  looated  on  the  generated  shook  wave 
and  moving  with  It. 


260.  Krasil ' shchikova,  Ye.  A.  Unsteady  motion 
of  a  finite-span  wing  in  a  compressible 
fluid. 


DAN  SSSR 
v.  117,  no.  5 
777-700 


Three-dimensional  motloi  of  a  compressible 
fluid  due  to  unsteady  motion  of  a  finite- 
span  wing  Immersed  In  an  unbounded  fluid, 
at  rest  at  Infinity,  Is  investigated.  The 
motion  of  the  wing  Is  assumed  to  be  only 
slightly  disturbed.  The  problem  is  linear¬ 
ized  and  the  generally  aocepted  assumptions 
of  thln-wlng  theory  are  used. 


261.  Chemyy,  G.  0.  Flow  of  an  Ideal  gas 
around  a  body  at  hypersonlo  speeds. 

An  analytical  method  is  presented  for 
calculating  steady  hypersonic  flows 
around  plane  oontours  and  axlaymmetrlo 
bodies.  The  method  Is  based  on  expanding 
gas  dynamics  equations  in  a  special  series 
in  powers  of  a  parameter  e  -  -  l)(y  +  l), 

where  Y  Is  the  ratio  of  heat  capacities, 
and  Is  analogous.  In  principle,  to  the 
method  of  solving  the  equations  of  motion 
of  a  viscous  fluid  in  boundary  layer 
theory  bx  expansion  In  series  of  powers 
of  Nj^-VZ  f  where  %a  is  the  Reynolds  number. 


Is AN  OTN 
no.  6 
77-85 


1 


-  77  - 


262.  Qonor,  A,  L.,  and  0.  0.  Ohamyy.  Minimum-  IsAN  OTN 
drag  bodies  at  high  auparaonlo  apaada.  no.  7 

89*93 

Numerical  quadrature  is  uaad  to  solva 
tha  variational  problem  of  finding  tha 
mini  mum- drag  body  in  an  axisymmetrioal 
flow.  Two  limiting  oaaaa  ara  considered! 
l)  tha  angle  batwaan  tha  tangant  to  tha 
contour  of  tha  body  and  tha  dlraotlon  of 
tha  inoldant  flow  la  small  (tha  prassura 
is  vary  low),  and  2)  tha  prasaura  on  tha 
aurfaoa  of  tha  body  la  lnflnita;  tha 
transition  from  a  oena  to  tha  optimal 
ahapa  was  found  to  daoraaaa  tha  drag  by 
about  30  par  oant. 


263.  Kadyrov,  S.  Motion  of  a  finite-span  wing  IsAN  OTN 
at  auparaonlo  speed.  no.  8 

35-^0 

The  motion  of  a  wing  of  arbitrary  shape 
in  a  three-dimensional  flow  of  an  ideal 
oompresalble  fluid  moving  faster  than 
the  critical  apaed  is  discussed.  The 
Mach  number  ia  assumbed  to  be  high 
enough  for  formation  of  a  shook  wave  at 
tha  leading  edge  of  the  wing  and  the  gas 
flow  behind  tha  shook  wave  is  supersonic 
everywhere. 


26*1  •  Kopson,  Q,  I.  Unstable  motion  of  a  wing 
in  a  supersonlo  flow. 

The  application  v-  the  Laplace  trans¬ 
formation  to  the  velocity  potential 
makes  possible  the  analysis  of  a  general 
case  of  boundary  conditions  on  the  wing, 
with  an  arbitrary  dependence  on  time. 


PMMe 

v.  21,  no.  1 
136-141 


C 


265,  Kogan,  M.  N.  Minimum-drag  bodies  in  a 
supersonlo  gas  flow. 

The  problem  of  determining  the  minimum 


PMMe 

v.  21,  no.  2 
207-212 
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drag  of  wings  and  bodies  In  a  supersonic 
gat  flow  It  ttudled  under  uhe  assumption 
of  the  llnaar  theory.  It  is  shown  that 
there  are  surfaces  for  which  the  forces 
aotlng  on  bodies  Inside  these  surfaces 
can  be  expressed  by  values  of  the  velooity 
potential  on  that  surface. 


<?r>u.  Chushkin,  P.  1.  The  calculation  of  some 
sonlo  gas  flows. 

The  application  of  c*.  approximate 
method  to  the  problem  of  symmetric 
sonio  gas  flow  around  the  nose  of  an 
ellipse  or  an  ellipsoid  of  revolution 
is  given,  and  its  extension  to  the  case 
of  an  arbitrary  profile  Is  presented. 


FHMs 

v.  21,  no.  2 
353-360 


?°7.  Nikol'skiy,  A.  A.  Annular  bodies  of  TsAeOlI,  Sb 

revolution  with  minimum  external  56-63 

wave  drag  in  supersonic  flow. 

The  problem  of  determining  the  shape 
of  an  annular  body  of  revolution  with 
minimum  wave  drag  on  the  outer  surface 
is  solved  in  linear  formulation,  and 
explicit  drag  formulas  for  mlnimuis- 
drag  bodies  are  obtained. 


<?o8.  Dorodnitsyn,  A,  A,  Relationship  between  TsAeGU,  Sb 
the  curvatures  of  a  shook  wave  and  the  64-73 
outer  surface  of  an  annular  body  of 
revolution. 

Supersonic  flow  past  a  barrel  with  a  co¬ 
axial  cylindrical  hole  is  analysed, 
and  the  ourvature  of  the  ahock  wave  is 
determined  in  relation  to  the  curvature 
of  the  outer  surface.  The  shock- 
curvature  value  is  necessary  in  determin¬ 
ing  the  pressure  distribution  over  the 
outer  surfaoe  of  the  body  of  revolution. 
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26 9.  Dorodnitayn,  A.  A.  Pressure-distribution 
analysis  for  bodies  of  involution  in  a 
supersonlo  goo  flow, 

4  A  msthod  fox*  determining  tht  pressure 
distribution  ovor  bodies  of  involution 
based  on  approximate  integration  of 
•quatlons  of  axisymmetric-flow  character¬ 
istics  it  presented.  In  practical  ap¬ 
plications,  this  ntthod  is  tvtn  simpler 
than  tht  ntthod  based  on  linearisation 
of  aquations  of  notion,  and  rtiows 
satisfactory  aoouraoy  in  comparison  with 
known  exact  solutions. 


270.  Aksenov,  A.  P.  Laminar  boundary  on  a  cone 
in  a  supersonic  flow. 

Skin  friction  a  nd  surf aoe  temperature 
are  determined  by  using  Integral  momen¬ 
tum  and  energy  equations,  with  heat 
radiation  either  neglected  or  taken 
into  aooount.  The  Prandtl  number  is 
assumed  to  be  a  function  of  temperature 
only,  and  the  viscosity  is  assumed  to 
vary  according  to  Sutherland's  formula. 


271.  Aksenov,  A.  P.  Turbulent  boundary  layer 
in  supersonic  flow  past  a  cone  with  heat 
radiation  taken  into  account. 

The  surface  temperature  is  determined 
and  a  general  formula  for  the  skin 
friction  in  an  axlsymmetrloal  steady 
supersonic  flow  of  gas  past  a  cone  is 
given. 


272.  Xrasil 1 shohikova.  Ye.  A,  Unsteady  motion 
of  a  finite- span  wing  in  a  compressible 
medium. 

This  article  deals  with  disturbed  motion 


TsAeOU,  Sb 
U6-126’ 


VeLUMNe  As 

no.  3 
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112-128 
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of  a  compressible  fluid  caused  by  un¬ 
steady  motion  of  a  thin  wing  of  finite 
span  moving  according  to  a  given  law. 

The  boundary  value  problems  are  solved 
by  a  previously  published  method  for  un¬ 
steady  plane- parallel  motions  of  a  fluid 
( Izvestlya  AN  SSSR,  OTN  MM,  no.  2,  1954). 
Quadratures  are  employed  here  for  solving 
problems  Involving  all  types  of  unsteady 
motion  of  a  wing  In  whloh  the  speed  of 
motion  of  the  wing  Is  essentially  super* 
sonic,  neglecting  the  end  effect  and  the 
effect  of  the  vertex  system  behind  the 
wing. 


273.  Shidlovksiy,  V.  P.  Approximate  method  of 
calculating  hlgh-Mach  number  flow  past 
two-dimensional  forebodies. 

The  two-dimensional  problem  of  super¬ 
sonic  flow  of  an  ideal  gas  about  a  sharp¬ 
nosed  semlalrfoll  at  zero  angle  of  attack 
is  treated.  It  Is  assumed  that  the  flow 
is  adlabatlo  and  that  the  entropy  changes 
are  due  to  the  presenoe  of  a  shock  wave. 


274«  Cherayy,  a.  a.  The  effect  of  slight  blunt¬ 
ness  of  a  body  on  high  hypersonic  flow 
around  It. 

An  attempt  is  made  to  extend  the  theory 
of  high  hypersonic  flows  aroung  slender 
pointed  bodies  to  eases  in  whloh  the 
nose  or  leading  edge  of  the  body  is 
slightly  blunted.  The  study  Is  limited 
to  flow  around  profiles  and  bodies  of 
revolution. 


275.  Oonor,  A.  L.  (Moscow  State  university). 
Hypersonic  flow  around  a  cone  at  an 
angle  of  attack. 


XzAN  OTN 
156-162 


XsAN  OTN 

ra 


XsAN  OTN 
no.  7 
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A  study  of  hypersonic  gas  flow  around 
a  olroular  cone  Is  considered.  The 
method  of  0.  0.  Chemyy  for  solving 
two-dimensional  axl  symmetrical  flow  is 
applied,  introducing  a  apherioal  co¬ 
ordinate  system  with  transformation  of 
the  system  of  equations  into  series  in 
a  stream  function  exoression. 


276.  Zheludev,  P.  X.  Supersonic  flow  past 
slender  bodies  of  revolution  with 
fins  and  without  fins. 

Supersonic  flows  past  slender  bodies  of 
revolution  with  fins  at  an  angle  of 
attack  are  considered  in  accordance  with 
slender  body  theory  and  a  second-approxima¬ 
tion  solution  is  constructed  for  super¬ 
sonic  flow  past  arbitrary  bodies  of  revolu¬ 
tion.  The  second  approximation  produoed 
results  which  were  closer  to  experimental 
values  than  the  first  approximation  in 
the  case  of  cones  with  vertex  angles  less 
than  15  degrees. 


277.  Monakhov,  N.  M.  Determining  the  circula¬ 
tion  around  a  high- aspect  wing  in  a 
sideslip. 

An  integral  equation  for  determining 
the  spanwise  distribution  of  the  circula¬ 
tion  around  a  high-aspect  wing  in  a  side¬ 
slip  at  any  angle  is  derived  on  the  basis 
of  the  Biot-3avart  formula. 


2/8.  Ostoslavskiy*  Ie  V. ,  and  T.  A.  Gruraondz. 

(Moscow  Aviation  Institute).  The  con¬ 
nection  between  the  generation  of  lift¬ 
ing  force  of  a  wing  and  the  nature  of 
the  flow  in  the  boundary  layer. 

The  determination  of  the  relationship 
between  the  generation  of  lifting  forces 
of  a  wing  and  the  nature  of  the  boundary 
layer  flow  is  given.  Some  experimental 
results  are  presented. 

-  R2  - 


IzAN  OTN 
no.  9 
74-82 


IzVUZ  AvT 
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27-36 


27‘J.  Sirazetdinov,  T.  K.  (Kazan1  Aviation  IzVUZ  AvT 

Itaatufa).  Vibrations  of  a  wing  of  high  no,  1 

aspeot  ratio  in  a  subsonic  flow.  43-52 

The  derivation  of  integral  differential 
equations  for  a  wing  cf  high  aspect  ratio 
oscillating  in  a  subsonic  flow  is  given. 

The  solution  is  presented  for  small 
frequencies  of  oscillation. 


2  8o.  Kostychev,  0.  I.  On  shapes  of  bodies  with 
minimum  wave  dra^. 

The  shape  of  miniraum-wave-drag  bodies  is 
determined  for  given  flow  parameters 
in  oases  of  supersonic  potential  flow,  a 
flow  with  an  oblique  shook  wave,  and  a 
plane  flow.  In  the  latter  case,  the  optimal 
form  is  a  wedge. 


IzVUZ  AvT 

no.  2 
9-15 


281.  Keldysh,  V.  V.  (Moscow).  The  application  FMMe 

of  alender-body  theory  to  the  calculation  v.  22,  no.  1 
of  aerodynamic  characteristics  of  small-  126-132 

span  wings  with  wingtip  tanks. 

The  application  of  the  theory  of  slender 
bodies  to  the  calculation  of  the  aero¬ 
dynamic  characteristics  of  small-span 
wings  with  wingtip  tanks  is  discussed. 


282.  Belotserkovskiy,  0.  M.  Plow  past  a 

symmetrical  airfoil  with  a  detached 
shock  wave. 

Translation:  J.  Appl.  Math,  and 
Mechanics,  v.  22,  no.  1,  1958/  274-296. 

A  critical  survey  of  previous  studies 
and  various  approaches  used  in  calcula¬ 
ting  flows  past  a  symmetrical  profile 
with  a  detached  shock  wave  is  presented. 


FMMe 

v.  22,  no.  2 
206-219 
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283. 


284. 


285. 


A  method  is  given  for  computing  the 
pressure  distribution  over  the  body#  the 
sonic  line,  and  other  parameters.  An 
analogous  procedure  based  on  Dorodnltsyn*s 
method  is  used  for  analyzing  the  flow 
around  an  axisymmetrlc  body  with  a  detaohed 
shook  wave. 


Shmyglevakly,  YU.  D.  On  supersonic  minimum- 
drag  airfoils. 

The  problem  of  finding  an  airfoil  with 
minimum  wave  drag  in  a  supers onio  gas 
flow  is  considered.  It  is  shown  that 
concave  airfoils  of  minimum  drag 
praotioally  oolnolde  with  a  wedge. 


Bulakh,  B.  M.  Nonlinear  conical  gas  flow. 

Quasl-linear  differential  equations 
describing  the  gas  motion  are  reduced 
to  canonical  form  to  yield  a  second 
approximation  for  the  nonlinearized 
vortex-free  steady  conical  flow  of  a 
gas.  The  method  is  applied  to  a  gas 
flow  around  a  cone. 


Xhasklnd,  M.  D.,  and  V.  S.  Khoraenko. 
Constrained  supersonic  flo w  past  an 
airfoil. 

A  nonlinear  two-dimensional  problem  of 
a  steady,  constrained  supersonic  flow  of 
an  isentroplc  gas  past  an  airfoil  with 
a  sharp  leading  edge  is  studied.  The 
boundaries  of  the  flow  are  assumed  to  be 
straight  and  parallel  and  the  airfoil  is 
positioned  asymmetrically  relative  to 
them. 


FMMe 

v.  22,  no.  2 
269-273 


FMMe 

v,  22,  no.  6 
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«>bu.  Bulygina,  Ye.  V.  (Novosibirsk  Eleotri-  PMMe 

cal  Engineering  Institute).  Problem  of  v.  22,  no.  6 

a  wing  of  given  volume  with  minimum  wave  826-828 
drag. 

The  derivation  of  a  solution  for  the 
problem  of  an  airfoil  with  minimum  wave 
drag,  based  on  the  linearized  theory  and 
using  the  variational  method,  is  presented. 


Car&foli,  E,  and  M.  Xonescu.  (Institute 
of  Applied  Mechanic s  Rumanian  Academy 
of  Sciences,  Bucharest).  A  general 
theory  of  triangular  wings  with  a  given 
pressure  distribution  is  presented. 


StuCeMeAp 

v.  9#  no 
2&7-284 


e 


2 


288.  Carafoli,  E.  and  B.  Horovitz.  (Institute 
of  Applied  Mechanics,  Rumanian  Academy 
of  Solenoes,  Bucharest).  Mixed  problems 
of  triangular  wings  provided  with  a  normal 
plate  (cruciform  wings)  in  a  supersonic 
flow. 


StuCeMeAp 
v.  9m  no. 
819-o32 


4 


Certain  mixed  problems  in  the  oase  of 
high-speed  homogeneous  flow  around  cruci¬ 
form  wings  were  studied. 


289.  Carafoli,  E.  and  A.  Nastase.  (Institute 
of  Applied  Mechanics,  Rumanian  Academy 
of  Sciences,  Bucharest).  A  study  of 
thin  triangular  wings  of  forced  syn>- 
metry  in  a  supersonic  flow. 

Thin  triangular  wings  of  forced  symmetry 
governing  the  variation  of  incidence  and, 
consequently,  the  vertical  velocity  over 
the  wing  were  studied.  The  derived 
formula  can  be  used  to  determine  the  aero¬ 
dynamic  characteristics  for  wings  of 
natural  symmetry. 


StuOeMeAp 

v.  9*  no. 
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2Q0  Bui  one  n,  L.  A,  Interaction  between  a  VeLUMteAs 

shook  wave  and  the  boundary  layer  In 
the  vioinity  of  the  leading  edge  of  a  no.  2 

flat  plate  at  high  supersonic  velocities  17 2- loo 

with  radiation  taken  into  acoount. 

An  approximate  solution  Is  obtained  for 
uniform  veloolty  at  zero  angle  of  attaok 
for  the  oase  when  the  heat  transfer 
between  the  plate  and  the  surrounding 
medium  is  determined  by  the  Stefan- 
Boltsmann  Law. 


291*  Marenkova,  A.  F.  A  slender  wing  in  a  super-  VeLUKMeAs 
sonio  flow  confined  by  a  wall. 

no.  4 

The  linearized  problem  is  solved  by  Ye.  A.  125-138 

Brasil' shohilcova's  method  and  by  the 
special  procedure  of  mirror  reflection. 

Calculations  of  flow  past  a  flat  infinite- 
span  wing  and  a  re c tabular  wing  confined 
by  a  wall  are  given  as  examples. 


292.  Belotserlcovokiy,  0.  M.  Computer  Center, 
Academy  of  Sciences  USSR;.  Flow  past 
a  circular  cylinder  with  a  detached 
shook  wave. 

Translation:  AVCO  Research  and  Develop¬ 
ment  Div  Report  RAD-9-TM-66,  1959. 

Dorodnitsyn's  general  method  for  inte¬ 
grating  first-order  partial  differen¬ 
tial  equations  of  the  mixed  type  is 
applied  to  calculating  the  flow  of  a 
uniform  supersonic  or  hypersonio  stream 
past  a  circular  cylinder. 


1959 

DAN  USSR 
v.  126,  no.  4 
733-735 


293,  Lyubimov,  0.  A.  (Moscow  State  University). 
Steady  flow  of  an  Infinitely  conducting 
gas  around  a  wedge. 

A  study  of  the  problem  of  steady, 
infinite,  conducting  gas  flow  around 
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a  wedge  for  an  arbitrary  distribution 
of  the  magnetlo  field  In  relation  to 
the  flow  la  reported. 


29k.  Shmyglevskly,  Yu.  D.  Bodies  of  revolution  DAN  SSSR 

offering  minimum  drag  at  superaonlo  v.  126,  no.  5 

speeds.  958-960  ‘ 

The  problem  of  finding  a  o on tour  whloh 
offers  minimum  wave  drag  for  a  given 
speed  (supersonic)  of  the  lnoldent  gas 
flow  Is  considered  for  oases  In  whloh 
the  shook  wave  Is  attaohed.  It  Is  shown 
that  the  variational  problem  oon  be  solved 
If  the  conditions  on  the  shook  wave  are 
utilized,  whloh  prmlts  reformulation  of 
the  variational  problem. 


295 .  Dolapohlyev,  B. ,  and  B,  Sendov.  (Inetl-  DAN  SSSR 

tute  of  Nathematlos,  University  of  Sofia,  v.  128,  no.  3 
Bulgaria).  Symmetrical  flow  about  a  53-56 

circular  cylinder  with  two  trailing 
vortloes.  Vortex  trajectory  and  drag 
of  the  cylinder. 

An  exact  solution  Is  obtained  for  the 
hydrodynamlo  problem  of  symmetric  flow 
about  a  circular  cylinder  with  two  trail¬ 
ing  vortloes,  including  determination  of 
the  vortex  tr  sotory  and  drag  of  the 
cylinder. 


296.  Oonor,  A.  L.  High  supersonic  gas  flows  IsAN  MeMa 

around  conical  bodies.  no.  1 

34—40 

A  supersonic  flow  with  an  attaohed  shook 
wave  past  a  conical  body  of  a  given  sur¬ 
face  Is  examined.  A  method  Is  developed 
for  solving  the  equations  of  motion  In 
the  form  of  series  In, powers  of  a  small 
parameter  e  -  (y  -  1/y  +  l),  where  Y 
Is  the  ratio  of  heat 'capacities.  The 
method  Is  applied  to  analyses  of  flows 
past  a  triangular  wing  and  an  elliptical 
cone. 
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297.  Qrlgoryan,  S.  S.  On  the  motion  of  a 
slender  body  under  the  aotlon  of  a 
strong  shook  wave. 

The  motion  of  a  body  struok  by  a  strong 
shook  wave  la  dlaoussed,  neglecting  the 
dlsturbanoes  oaused  by  reflection  and 
dlffr aotlon  behind  the  shook  front. 


293.  Vorob'yev,  N.  F.  Unsteady  motion  of  a 
finite-span  wing  In  a  supersonic  flow 
In  the  oase  of  a  sudden  change  in 
velocity. 

The  motion  of  a  thin  wing  at  a  small 
angle  of  attack  In  an  Infinite  volume  of 
gas  is  Investigated  In  linear  formulation 
under  conventional  assumptions  of  the 
thin-wing  theory.  A  vertloal  wind  gust 
Is  mentioned  as  a  particular  case. 


299.  Orodsovskiy,  0.  L.  Favorable  wing- 

fuselage  Interference  at  hypersonlo 
speeds. 

% 

Configurations  of  a  wedge-shaped  fuselage 
with  a  triangular  or  a  swept  wing,  a 
semloonloal  fuselage  with  a  triangular 
wing,  and  a  poweivlaw  shaped  fuselage 
with  a  suitable  wing  are  discussed. 

Systems  were  considered  at  M*-  as 
slender  bodies.  The  results  obtained 
can  be  used  for  bodies  of  similar  shape 
at  high  supersonic  speeds  on  the  basis 
of  hypersonlo  similarity  and  stabilisation 
of  aerodynamic  coefficients. 


Slezkin,  N.  A.  (Moscow).  On  the  theory 
of  gas  flow  between  a  shock-wave  front 
and  the  surface  of  a  blunted  body  of 
revolution. 

Previous  articles  by  the  author  (DAN 
SSSR,  v.  64.  no.  2  and  no.  7,  1946)  on 
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now  analysis  between  the  shook  ware 
and  body  art  extended  here  to  a  body  of 
revolution.  Two  Ideas  are  utilised: 
to  divide  the  flow  not  only  Into  longi¬ 
tudinal  layers,  but  also  Into  transverse 
sections  and  to  distinguish  the  Reynolds, 
Oaten,  and  Prandtl  layers,  and  use  linear¬ 
ised  eauatlons  In  passing  from  one  seotlon 
to  another. 


301.  Zheludev,  P.  I.  On  supersonlo  flew  past  IsAN  MeMa 

plane  quasi-triangular  wings  of  low  no.  3 

aspeot  ratio.  202-203 

An  approximate  method  of  Investigating 
the  above  problem  by  finding  the  velocity 
potential  (In  the  seoond  approximation) 
close  to  the  wing  surface.  An  expression 
for  the  pressure  ooefflolent  over  the 
surfaoe  Is  derived. 


302.  Lunev,  V,  V.  Motion  in  the  atmosphere 
of  a  slender  blunted  body  at  high 
supersonic  velocities. 

The  effect  of  a  strong  entropy  Increase 
of  the  gas  In  a  detached  shock  wave  on 
the  pressure  dlntrlbutlon  over  a  slender, 
blunted  body  Is  analysed.  It  Is  shown 
that  at  Mach  numbers  larger  than  20,  the 
entropy  inorease  has  a  marked  effeot  on 
the  pressure  distribution,  even  far  down¬ 
stream  from  the  body. 


Is  AN  MeMa 
no.  4 
131-133 


3.  Conor,  A.  L.  The  pattern  of  a  bow  wave 
In  an  asymmetrical  high- supersonlo  gas 
flow  around  a  pointed  body. 

The  variation  of  the  bow  shock-wave 
angles  (on  the  windward  and  leeward 
sides  of  a  circular  cone),  depending 
on  the  angle  of  attaok,  the  apex  angle 
of  the  none,  and  the  Maoh  number  of  the 


Is  AN  MeMa 
no.  5  „ 
117-118 
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onoomlng  flow  is  oaloulated  and  experi¬ 
mentally  verified.  The  analytical  and 
MQplrloal  data,  as  well  as  the  tsohnlqus 
of  the  experiment  ars  discussed*. 


30M,  ftaeludev,  P.  I.  (Moscow).  Supersonic  flow  paat 
winged  bodies  of  rsvolntlon. 

1  study  of  supersonic  flow  past  slender  poiatsd 
bodies  of  revolution  equipped  with  low  aspect 
ratio  wings  la  reported.  An  iteration  method  is 
used  to  determine  the  velocity  potential  in  the 
second  approximation,  using  the  solution  of  the 
s leader-body  theory  for  the  first  approximation. 


305.  Myasnikov,  V.  P.  Laminar  boundary  layer  on 

a  plate  In  a  supersonic  flow  of  a  slightly 
rarefied  gas 

An  Investigation  of  the  laminar  boundary 
layer  on  a  flat  plate  in  the  region  of  ellp 
flow  la  presented,  taking  into  account  the 
interaction  between  the  external  flow  and 
the  boundary  layer. 


306.  Bondarev,  Ye.  N. ,  and  M.  Ya.  Yudelovtoh. 

On  the  possibility  of  an  Increase  in  the 
base  pressure  behind  a  wedge  in  flight 
at  supersonio  speeds. 

The  method  of  H,  Kcrst  for  the  approxi¬ 
mate  calculation  of  the  pressure  at  the 
base  of  a  wedge  Is  discussed.  As  the 
pressure  at  the  base  increases  as  the 
square  of  the  Mach  number.  It  rises  to 
a  level  above  that  in  the  oncoming  flow. 
This  "base  drag"  has  little  effeot  on 
the  total  drag  of  the  wedge,  but  may 
affeot  the  heat  flow  In  the  vlolnity  of 
the  base. 


ZlAB  MSU 
do.  5 
113-121 
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307.  Myasnlkov,  V,  P.  Laminar  boundary  layer 
on  a  plate  In  a  supersonic  flow  of  a 
rarefied  gas. 

The  flow  la  Investigated  in  its  slip 
region*  where  the  interaction  between 
the  outer  layer  and ‘boundary  levels  is 
taken  into  acoount.  Calculations  show 
strong  influence  of  rarefaction  on 
surfaoe  friction  and  heat  flux.  In  the 
oase  of  heat  insulation  of  the  plate* 
the  rarefaction  of  air  does  not  affeot 
the  value  of  surfaoe  friction. 


308.  Bulygina*  Ye.  V.  (Novosibirsk  Electrical 
Engineering  Institute).  Minimum-drag 
supersonic  wings  with  a  given  degree  of 
stability. 

The  problem  of  determining  the  shape  of 
a  three-dimensional  wing  with  minimum  dreg 
(for  given  lift  and  stability)  is  reduced 
to  the  problem  of  minimum  drag  for  the 
given  moment  at  zero  lift.  Triangular 
and  tapered  wings  are  discussed  in 
linear  formulation. 


i09.  Kiselev*  0,  M.  (Kazan1  State  University). 
Construction  of  a  body  of  revolution  on 
the  basis  of  a  given  velocity  distribu¬ 
tion. 

A  study  to  determine  the  shape  of  a  body 
of  revolution  in  an  infinite  axisyrametrio 
potential  flow  of  incompressible  fluid* 
on  the  basis  of  a  given  velocity  distribu¬ 
tion,  is  reported. 


310.  Strashlnlna*  K.  P.  Flow  of  compressible 
fluids  past  bodies  of  revolution. 

Oas  parameters  are  determined  on  the 
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aurfaoe  of  a  body  of  revolution  on  the 
b&ele  of  fundamental  physical  laws  and 
some  physical  considerations.  The 
method  may  be  used  to  determine  pres¬ 
sure  on  the  aurfaoe  of  the  body  by 
taking  friction  into  aooount. 


311.  Sidorov,  0.  P.  (Moscow  Aviation  Institute). 
Calculation  of  hypersonic  flow  past  a 
cone. 

Steady  axisymmetric  flow  around  an  in¬ 
finite  cone  Is  studied.  The  velocity  of 
the  flow  is  assumed  to  be  hypersonic; 
the  solution  is  given  In  closed  form, 
using  the  approximate  equation  for  the 
velocity  potential. 


IzVUZ,  AvT 

no.  2 
144-146 


312,  Bobrov,  Q.  Ye.  (Military  Aviation  Engine-  IzVUZ,  AvT 
ering  Academy,  Leningrad),  Theory  of  no.  3 

annular  wingB  in  supersonic  flow.  3-8 

The  lifting  force  and  the  aerodynamic 
moments  are  determined  for  the  internal 
surface  of  an  annular  wing  in  a  super¬ 
sonic  gas  flow  in  a  linear  formulation, 
using  the  distribution  of  pressures 
over  the  inner  surface  of  the  annular 
wing. 


313.  Mugalev,  V.  P.  (Moscow  Physicotechnical  IzVUZ,  AvT 

Institute).  An  experimental  .investiga-  no.  3 

tion  of  a  subsonic  turbulent  boundary  72-79 

layer  over  a  plate  with  injection. 

An  experimental  investigation  of  the 
subsonic  turbulent  boundary  layer  over 
a  porous  plate  with  gas  injection  is 
reported.  The  boundary  layer  flow  was 
found  to  be  analogous  to  flow  over  an 
impermeable  surface  in  the  case  of  a 
positive  pressure  gradient;  a  parameter 
determining  the  effect  of  injection 
on  the  boundary  layer  is  discussed. 
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3i44  Vil'nit,  L.  N.  (Novosibirsk  Electrical 

Engineering  Institute).  The  shape  of  a 
tapered  wing  whioh  yields  minimum  wave 
drag  for  a  given  volume. 

Procedures  for  determining  the  shape  of 
a  wing  of  trapezoidal  plan  form  whioh  will 
produce  mininum  wave  drag  for  a  given 
volume  are  studied. 


315.  Aleksakhin,  B.  N.  Coefficients  of  lift  and 
pitch  moment  for  a  combination  of  two 
slender  bodies  of  revolution. 

Aerodynamic  coefficients  of  this  combina¬ 
tion  of  bodies  are  determined  by  the 
W.  R.  Sears'  theory  cf  slender  bodies  and 
by  the  method  of  conformal  mapping. 
Applications  of  the  method  to  calculating 
a  combination  of  cone-nosed  bodies  are 
given. 


316.  Korobeynikov,  N.  P.  Refinement  of  the 

slender-body  theory  for  supersonic  flow 
past  bodies  of  revolution  at  an  angle  of 
attack. 

An  attempt  is  made  to  make  0.  N.  Ward's 
slender  body  theory  more  exact  by  taking 
into  account  the  effect  of  the  Mach 
number.  Relatively  simple  formulas  are 
derived  for  calculating  the  Mach-number- 
dependent  aerodynamic  characteristics  of 
slender  bodies  in  a  supersonic  flow  at 
an  angle  of  attack. 


3X7.  Fomina,  M.  I.  Characteristics  of  a  geo¬ 
metrically  twisted  rectangular  wing  at 
supersonic  speeds. 

Coefficients  of  lift,  drag,  and  moment 
of  the  wing  in  relation  to  its  aspect 
ratio  and  geometric  twist  parameters 
are  determined. 
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Kvashnina,  S.  S.  and  0.  0.  Chernyy.  (Moscow), 
Steady  flow  of  detonating  gas  around  a 
cone. 


PMMe 

IfeS  S6no- 1 


Discussion  of  a  symmetrical  steady  flow 
of  a  detonating  gas  around  a  cone, 

Cased  on  the  work  of  J.  Kuthkowskl  and 
J.  A.  Nicholls,  is  presented. 


319.  Maykapar,  G,  I.  (Moscow).  Wave  drag  of 
a  nonaxisynunetric  bodies  in  a  super¬ 
sonic  flow. 

Translation:  J.  App.  M.M,  v.  23,  no.  2, 
1959,  528-531. 

Exact  solutions  are  presented  for  cone 
shaped  bodies  of  polygonal  cross  section 
and  the  effect  of  geometric  parameters 
on  the  wave  drag  of  such  bodies  in  super¬ 
sonic  flow  Is  determined. 


PMMe 

v.  23,  no 
376-378 


e  fc 


320.  Biryukov,  Ye.  A.  (Moscow).  Downwash  PMMe 

behind  a  swept  back  wing  of  finite  v.  23.  no.  3 

span  during  nonsteady  motion.  583-584 

Formulas  leading  to  a  method  for  cal¬ 
culating  the  downwash  in  an  ideal  in¬ 
compressible  fluid  behind  a  wing  having 
a  high  aspect  ratio  and  a  small  angle  of 
sweepback  are  derived.  The  study  ocvers 
the  case  when  the  circulation  varying 
with  span  also  varies  harmonically  with 
time. 


PMMe 

v.  23,  no.  6 
1006-1018 

Flow  past  a  circular  cone  at  a  zero 
angle  of  attack  is  analyzed.  The 
flow  conditions  are  studied  at  a 
sufficient  distance  from  the  nose 
of  the  cone  so  that  the  method  of 
small  perturbations  may  be  applied. 

-  Q4  - 


321.  Lunev,  Vc  V.  Flow  of  a  viscous  heat- 
conducting  gaa  past  a  cone  at  high 
supersonic  velocities. 


322.  Kovaleva,  V.  A.  (Dnepropetrovsk).  Un¬ 
steady  motion  of  a  rectangular  plane 
wing, 

*  The  results  from  an  investigation  of  the 
unsteady  motion  of  a  thin  rigid  wing  of 
finite  span  and  rectangular  planform 
in  supersonic  flow,  arbitrarily  varying 
with  time,  including  gust-  or  shock- 
wave-dependent  unsteady  motion, are 
presented. 


PMMe 

v.  23,  no.  6 
1030-1041 


323.  Fedyayevskiy,  K.  K.,  and  A.  S.  Qinevskiy.  ZhTF 

(Moscow).  An  unsteady  turbulent  v.  29,  no.  7 

boundary  layer  on  an  airfoil  and  on  a  916-923 

body  of  revolution. 

The  development  of  an  approximate  single¬ 
parameter  method  for  determining  the 
parameters  of  a  turbulent  boundary  layer 
and  the  position  of  the  separation  point 
during  acceleration  of  forward  motion  is 
discussed. 


324.  Ladyzhenskiy,  M.  D.  On  high  supersonic 
gas  flows. 

General  equations  of  a  steady  high  super¬ 
sonic  flow  of  a  perfect  gas  are  simplified 
(by  giving  various  values  to  a  certain 
velocity-vector  parameter)  for  the  flow 
past  a  slender  body,  and  in  solving  the 
Cauchy  problem  for  which  the  domain  of 
definition  of  the  solution  is  discussed. 


1960 
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325*  Carafoli,  E.  (Institute  of  Applied  InSb 

Mechanics,  Rumanian  Academy  of  v.  27 

Sciences,  Bucharest).  Theory  of  17.28 

simple  and  cruciform  triangular  wings 
in  a  supersonic  stream.  Part  I. 
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Triangular  wing  systems  are  investi¬ 
gated  —  isolated  wing  and  combinations 
of  horizontal  and  vertical  surfaces 
(such  as  the  tall  unit).  The  direot 
problem  (determining  the  flight  para¬ 
meters  of  a  given  system)  and  the 
Inverse  problem  (tailoring  the  shape 
of  a  system  to  given  flight  parameters) 
are  discussed  in  parts  I  and  II,  respec¬ 
tively. 


326.  Krasil '  shchilcova,  Ye.  A.  (Institute 
of  Mechanics,  Academy  of  Sciences 
USSR).  Wings  of  finite  span  with  a 
symmetrical  profile  in  subsonic  and 
supersonic  flows. 

Some  boundary  value  problems  of  a  thin 
wing  of  finite  span  with  a  symmetrical 
profile  in  supersonic  flow  at  an  angle 
of  attack  are  solved  by  the  method  pro- 
Dosed  by  the  author. 


3^7.  Yur'yev,  I.  M.  (Moscow).  The  calculation 
of  bodies  of  revolution  in  a  supersonic 
flow. 

Problems  which  are  solved  by  means  of 
linear  second-order  ordinary  differential 
equations  are  discussed.  These  calcula¬ 
tions  are  in  agreement  with  calculations 
based  on  the  theorems  of  Dorodnitsyn 
and  Nikol'skiy. 


32 B.  Carafoli,  E.  (Head  of  Institute  of  Applied 
Mechanics.  Rumanian  .Academy  of  Sciences, 
Bucharest). 

Part  2  of  the  article  presents  a  theory 
of  conical  flow  of  a  higher  order,  giving 
further  development  to  include  cruciform 
wings.  It  also  deals  with  the  problem  of 
determining  w.ng  form  as  a  function  of  a 
given  distribution  of  pressure  coefficients. 


InSb 

v.  27 
29-37 


InSb 

v.  27 
38-44 


InSb 

v.  28 
3-25 


-  96  - 


329*  Iordans  k±y,  S.  V,,  and  Yu.  D.  Shmyglevskiy. 
(Computing  Center,  Aoademy  of  Sciences 
USSR,  Moscow).  Subnotion  of  an  axi- 
symmetrical  blunt  body  near  the  stagna¬ 
tion  point  of  an  onoomlng  flow. 

Laminar  boundary-layer  equations  for  a 
subliming  body  are  derived.  A  method 
for  calculr ting  the  flow  parameters  and 
the  sublimation  rate  is  presented. 


330.  Yermolenko,  S.  D. ,  and  N.  F.  Vorob'yev 

(Novosibirsk).  A  comparison  of  finite 
span  wing  characteristics  obtained 
experimentally  with  those  calculated 
by  using  the  linear  theory  of  super¬ 
sonic  speeds. 

A  study  concerned  with  comparison  of 
experimental  results  and  those  calcu¬ 
lated  on  the  basis  of  the  linear  theory 
of  finite  span  wings  Is  presented. 


331.  Bam-Zelikovich,  G.  M.,  A.  I.  Bunimovich, 
and  M.  P.  Mikhaylova.  (Moscow  State 
University).  Motion  of  slender  bodies 
at  hypersonic  speeds. 

The  results  obtained  by  Tsien  Hsueh-shen 
for  the  case  of  three-dimensional  flow 
in  the  presence  of  shock  waves  and 
vortices  are  generalized.  A  comparison 
of  the  results  obtained  with  available 
exact  solutions  determined  the  limits  of 
applicability  of  this  method. 


332.  jjunev,  V.  V.,  I.  N.  Murzinov  (Moscow), 
and  0,  N.  Ostapovich.  Hypersonic  flow 
around  blunted  oones  at  small  angles  of 
attack. 
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The  effeot  of  bluntneee  on  the  pressure 
distribution  over  the  generatrix  of  thin, 
blunted  oones  at  large  Maoh  numbers  is 
disoussed. 


333.  Korobeynikov,  N.  P.  Supersonic  flow  at  IzVUZ,  AvT 

an  angle  of  attack  past  triangular  no.  1 

wings  and  elliptical  cones  with  a  sub-  28-34 

sonic  leading  edge. 

A  conformal  mapping  analysis  is  made  of 
the  flow  past  pointed,  low-aspect-ratio 
lifting  wings  with  a  curved  leading  edge 
and  past  elliptloal  cones.  The  procedure 
is  based  on  the  solution  of  an  arbitrary- 
generatrix  body  of  revolution,  obtained 
by  employing  the  refined  slender-body 
theory. 


334.  Bu'  '5ina,  Ye.  V.  Self-balancing  of  super-  IzVUZ.  AvT- 

onic  wings  having  a  variable-sweep  no.  4 

leading  edge.  10-17 

Self-balancing  achieved  by  imparting  a 
cylindrical  curvature  and  geometrical 
twist  to  the  median  surface  of  the  wing 
is  analyzed. 


335.  Bobrov,  C,  Ye.  On  the  feasibility  of  using  IzVOZ^jVvl: 
aerodynamic  interference  to  reduce  the  no.  4 

wave  drag  of  annular  wings  in  a  super-  3-9 

sonic  flow. 

The  feasibility  of  using  aerodynamic 
interference  to  reduce  the  wave  drag 
of  annular  wings  in  a  supersonic 
flow  at  zero  angle  attack  is  studied. 

The  obtained  solution,  which  is  true 
for  any  values  of  the  ring  parameters 
and  any  values  of  the  flow  that  satisfy 
the  linear  theory  of  supersonio  flows. 
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represents  a  generalization  of  tne  results 
obtained  by  Utkin  for  the  speolal  ease 
In  whloh  the  trailing  edge  of  an  annular 
wing  Is  not  completely  within  the  plane 
of  the  small-perturbation  cone  having  Its 
apex  upon  the  leading  edge. 


336.  Sychev,  V.  V.  (Moscow).  Two- dimens Ion-  PMMe 

al  hypersonic  gas  flows  past  slender  v.  24,  no.  2 

bodies  at  large  angles  of  attack.  205-212 

Two-dimensional  hypersonic  flow  about 
slender  bodies  is  Investigated.  Ap¬ 
proximate  formulas  are  derived  for  cal¬ 
culating  the  aerodynamic  characteristics 
of  bodies  at  large  angles  of  attack. 

Results  can  be  applied  to  the  case  of 
wings  of  low  aspeot  ratio  and  small 
relative  thickness  In  hypersonic  flow. 


337.  Belotserkovskiy,  0.  M,  (Computing  Center,  PMMe 

Academy  of  Sciences  USSR,  Moscow).  v.  24,  no.  3 

Machine  computation  of  flow  around  axi-  511-517 

symmetric  bodies  with  a  detached  shock 
wave. 

The  development  of  a  method  for  computer 
calculation  of  flow  around  axisymmetric 
bodies  with  a  detached  shock  wave  Is 
presented.  Results  are  given  for  oertain 
simple  bodies  such  as  ellipsoids,  spheres, 
and  disks  at  various  adiabatic  exponents 
and  Mach  numbers  (l<M-<-). 


333  Prituio,  M.  F,  (Mosoow).  Streamline  wings  PMMe 

flying  in  presence  of  slip.  v.  24,  no.  5 

873-878 

A  method  of  determining  the  additional 
load  on  wings  due  to  the  presence  of 
slip  Is  presented.  The  technique  is 
based  on  analysis  of  the  linear  equation 
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of  the  velocity  potential.  The  case 
la  oonaidered  In  whioh,  for  M  >  1,  the 
■mall- parameter  method  leada  in  the 
aecond  approximation  to  a  aolutlon  with 
infinitely  large  first  derivatives. 
Several  problems  involving  streamline 
slip  flow  are  sclved  as  examples. 


339.  Shrnyglevskly,  Yu.  D.  On  a  olasa  of  bodies 
of  revolution  with  minimum  wave  drag. 

The  shape  of  a  generatrix  of  a  body  of 
revolution  with  a  minimal  wave  drag  is 
determined  for  a  given  velocity  of  the 
onoomlng  flow.  The  case  of  ai}  attached 
shook:  wave  is  considered.  Sample  calcula¬ 
tions  for  various  M-  are  presented. 


34o.  Oonor,  A.  L.  (Moscow).  Determining  the 
shape  of  minimum-drag  bodies  for  hyper¬ 
sonic  speeds. 

A  variational  method  for  determining  the 
shape  of  minimum-drag  bodies  in  high 
supersonic  plane  and  axlsymmetrlo  flows 
with  a  supplementary  oondltlon  that  the 
pressure  at  any  point  of  the  body  contour 
must  be  non-negative. 


341.  Carafoll,  E.  and  A.  Nastase.  Calculation 
of  the  surface  of  a  supersonic  wing 
furnished  with  a  rib  separating  regions 
of  different  pressure  distribution. 

The  surface  of  a  thin  supersonic  wing 
of  triangular  planform  equipped  with 
a  rib  which  separates  the  two  regions 
of  different  pressure  distributions  is 
determined.  The  oases  of  an  arbitrarily 
and  of  a  centrally  located  rib  are 
considered. 
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342.  Carafoli,  E. ,  and  D.  Mateesou.  (Institute  StuCeMeAp 

of  Applied  Mechanics,  Rumanian  Academy  v.  11,  no.  1 

of  Solences,  Bucharest).  A  general  11-48 

method  of  determining  wing-fuselage 
Interference  in  supers onio  flight. 


343.  Murgulesou,  E*  (Institute  of  Applied  StuCeMeAp 

Moohanics,  Bucharest).  On  the  theory  v.  11,  no.  1 

of  oonloal  flows  In  the  case  of  a  thin  61-94 

wing  of  given  cross  seotion. 

A  unique  method  is  developed  for  study¬ 
ing  conical  flows  In  the  case  of  thin 
conical  wings  with  given  oross  seotion. 

A  brief  survey  of  reaearoh  done  on  the 
theory  of  conical  flows  Is  given.  The 
boundary  problems  can  be  reduced  to 
those  of  Diriohlet  or  Volterra.  The 
oase  of  conical  wings  with  subsonic 
trailing  edges  Is  considered,  taking 
account  of  the  separation  of  a  turbu¬ 
lent  layer  at  the  trailing  edges. 


3H.  Carafoll,  E.,  and  D.  Mateesou  (Institute 
of  Applied  Meohanlos,  Rumanian  Academy 
of  Sciences,  Bucharest).  Supersonic 
flow  around  a  cruciform  wing-conical 
fuselage  system. 

A  study  was  made  of  the  flow  around  a 
wlng-oonloal  fuselage  system  equipped 
with  a  normal  plate  for  the  oase  of  sub¬ 
sonic  leading  edges  of  the  wing  and  plate, 
where  the  Incidence  of  the  fuselage 
differs  from  that  of  the  wing  and  the 
normal  plate.  The  study  Is  based  on  the 
small  perturbations  hypothesis  and  It  is 
considered  that  the  dimensions  of  the 
fuselage  are  sufficiently  small  relative 
to  the  Maoh  cone  and  that  the  angle  of 
Incidence  of  the  wing,  the  normal  plate, 
and  the  fuselage  are  also  sufficiently 
small. 
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3**5.  Oar  a  foil,  E.,  and  A.  Nestase.  A  thin  tri- 
Angular  wing  with  minimum  drag  in  super- 
aonlo  flow, 

Tha  pi an form  of  a  minimum-drag,  thin, 
asymmetrio  triangular  wing  equipped 
with  a  ridge  ■operating  the  distribution 
w,  which  can  be  considered  as  the  hinge 
of  the  leading  edge  slot  is  determined. 
Suction  foroea  are  inoluded  in  tha  calcula¬ 
tion  of  drag.  The  study  is  made  within 
the  limits  of  higher-order  conical  flows 
and  uses  a  variational  method  of  calcula¬ 
tion. 


346.  Lunev,  V.  V.  Hypersonio  flow  of  a  radiating 
gas  past  a  wedge. 

Hypersonio  flow  past  an  infinite  wedge 
is  investigated  under  assumptions  that 
the  influence  of  radiation  is  small, 
and  that  it  has  no  influence  on  the  gas 
motion  in  front  of  the  shook  wave. 


347.  Yeletakiy,  A.  V.  Flow  of  a  gas  with  part¬ 
ial  internal  energy  lag  past  a  wedge. 

Works  in  this  field  are  reviewed,  and 
fundamental  relationships  are  established 
for  supersonic  flows  below  2000 *K. 


38.  Grigor  yan,  S,  S.  (Moscow  State  University), 
and  V.  Vani  (Peking).  Hypersonic  flow  of 
a  perfect  gas  around  an  axisymmetrioal 
body  at  small  angle  of  attack. 

Chernyy * s  analytical  method  is  applied 
to  calculations  of  flows  at  small  angle 
of  attaok.  The  method  permits  the  lineari¬ 
sation  of  the  problem  and  its  solution. 


StuCeMeAp 
V.  11,  no.  4 
817-833 


ZhPMeTF 

no.  2 
40-46 


ZhPMeTF 
no.  2 
54-63 


ZhPMeTF 
no.  4 
13-28 


-  102  - 


1 0*1 

3149.  Karpenko,  P.  D.  Determination  of  t*e  "Wp*  An  UkrSSR 

pressure  distribution  over  an  airfoil  no,  12 

In  an  incompressible  fluid  flow.  1560-1566 

A  method  of  determining  the  parameters 
of  flow  of  an  incompressible  fluid  past 
a  given  airfoil  with  a  salient  point 
at  the  trailing  edge  by  means  of  suc¬ 
cessive  oonformal  mapping  is  discussed. 


3^0  Ionov,  V.  P.  Oas  parameters  at  the  surfaoe 
*  of  a  oone. 

Approximate  methods  are  presented  for 
determining  the  parameters  of  a  high- 
velocity  gas  flow  at  the  surfaoe  of  a 
oone.  The  flow  Is  assumed  to  be  axisym- 
metrlo,  lsentroplo,  and  in  thermodynamic 
equilibrium.  At  high  velocities  the 
oblique  shook  wave  is  very  near  the  sur¬ 
face  of  the  oone,  thus  there  is  only 
a  small  change  of  air-flow  parameters 
between  the  oone  and  the  shook  wave. 


EnX.  AN  SSSR 
FGaTp 

M.  1961 
25-30 


391  Petrov,  Yu,  N.  Supersonic  flow  about  a 
plate  in  the  presence  of  a  boundary 
gas  film. 

Results  are  given  of  an  experimental 
study  of  phenomena  oonneoted  with 
longitudinal  supersonic  flow  about  a 
heat- insulated  plate  on  whose  surfaoe  a 
film  of  various  cooling  gases  (air, 
nitrogen,  hydrogen,  and  argon)  was  formed 
by  tangential  lnjeotlon  through  a  thin 
slit.  Temperatures  were  measured  by 
thermocouples,  with  errors  not  exoeedlng 
0.3 


EnX.  AN  SSSR 
FOaTb 
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352.  Nikol«skiy,  A.  A.  Forces  acting  on  a 

slender  body  in  the  vicinity  of  a  blunted 
surfaoe  in  supersonic  flow  under  con¬ 
ditions  of  grs  radiation. 


InZh 
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Hypersonic  heating  of  a  blunted  slender 
body  (plate  or  bar)  is  analyzed.  The 
flow  is  divided  into  three  regions: 

1)  stagnation  H,  where  high  temperatures 
are  generated;  2)  immediate  vicinity 
of  the  body  K,  where  all  the  stream¬ 
lines  have  passed  through  H;  and  3)  turbu¬ 
lent  region  L,  between  K  and  the  shook 
wave. 


3t> 3 •  Bulakh,  B.  M.  On  the  position  of  the  bow  InZh 

shook  wave  in  a  supersonic  gas  flow  past  v.  1,  no.  3 

m  arbitrarily  shaped  slender  body.  158-160 

By  an  asymptotic  formula  based  on  the 
author1 8  previous  work  the  position  (and 
strength)  of  a  forward  shock  wave  formed 
in  a  supersonic  gas  flow  past  a  slender 
body  of  arbitrary  shape  is  determined. 


354.  Krasil » nikov,  Yu.  I.  Aerodynamic  character¬ 
istics  of  wings  in  supersonic  flow  in  the 
presence  of  slip. 

A  study  is  made  of  plane,  symmetrical 
wings  at  a  small  angle  of  attack  and  a 
given  angle  relative  to  the  direction 
of  the  supersonic  flow.  It  is  assumed 
that  the  disturbance  caused  by  the  wing 
is  small  and  that  the  flow  satisfies  All 
requirements  of  the  linearized  theory. 


InZh 

v.  1,  no.  4 
18-26 


355?.  Kogan,  M.  N.  Symmetry  of  load  on  minimum-  InZh 

drag  wings.  v.  1,  no.  4 

132 

A  simplified  calculation  of  a  minimum- 
drag  supersonic  wing  is  presented.  The 
load  distribution  on  the  entire  wing  is 
derived  from  the  pattern  of  load  distribu¬ 
tion  on  the  frontal  area  of  the  wing. 
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396.  Ladyzhenskiy,  M.  D.  Hypersonic  flow  past 
slender,  blunted  bodies. 

The  bodies  are  of  an  arbitrary  cross 
seotion,  and  it  is  assumed  that  the 
whole  mass  of  gas  is  concentrated  in 
an  infinitely  thin  layer  behind  the 
chock  wave.  The  problem  of  th-i  flow 
past  the  body  is  reduced  to  the  equiva¬ 
lent  problem  of  the  unsteady  motion  of 
a  gas  displaced  by  a  piston. 


397.  Fursov,  M.  K.  Calculation  of  rotary  deriva¬ 
tive  coefficients  for  wings  at  supersonio 
speeds. 

The  linear  problem  of  vibration  of  a  thin, 
flat  wing  in  a  supersonic  potential  flow 
is  considered.  The  basic  motion  of  the 
wing  is  rectilinear  translational. 

Harmonic  vibrations  of  infinitely  small 
amplitude  are  superposed  on  this  basic 
motion. 


358.  Telenin,  G.  F. ,  and  G.  P,  Tinyakov. 

Unsteady  supersonic  flow  around  a 
blunt  conical  body, 

A  comprehensive  theoretical  analysis  is 
presented  of  unsteady  supersonic  flow  of 
gas  around  a  body  composed  of  spherical 
and  conical  surfaces  and  subjected  to 
plane  angular  oscillations  about  its 
center.  On  the  assumption  that  the 
conjugation  points  of  the  spherical  and 
conical  surfaces  are  located  in  the  super¬ 
sonic  region  at  all  times,  the  flow 
around  each  surface  is  considered  as  a 
separate  case,  that  is,  a  flow  around  a 
sphere  and  a  flow  around  a  cone. 


359.  Galkin,  V.  S.  Investigation  of  a  hypersonic 
flow  of  weakly  rarefied,  viscous  gas  past 
a  flat  plate. 
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The  drag  coefficient  is  established  for 
a  flat,  semi- infinite,  he at- insulated 
plate  in  a  hypersonic  flow.  It  is  as¬ 
sumed  that  the  region  between  the  attached 
strong  shook  wave  and  the  plate  is 
formed  by  a  nonvisoous  zone  and  a  laminar 
boundary  layer.  The  strong  interaction 
of  the  shook  wave  arid  the  layer  is  analyzed. 
The  slip  velocity  is  taken  into  account. 


360.  Minyatov,  A.  V.  Calculating  the  base 
pressure  in  a  supersonic  flow  past 
a  body  of  revolution. 

The  theory  of  base  pressure  in  the 
supersonic  flow  past  flat  plates  is 
generalized  to  cover  flow  past  bodies 
of  revolution.  Methods  are  given  for 
the  calculation  of  pressures  in  the 
cases  of  turbulent  and  laminar  flows. 
Experimental  and  theoretical  data  are 
compared. 


361 .  Shveyko,  Yu.  Yu,  Influence  of  a  supersonic 
gas  flow  on  the  lower  critical  force  of  a 
cylindrical  panel. 

The  velocity  effect  of  a  supersonic  flow 
of  a  compressible  gas  along  the  directrices 
of  a  shallow  rectangular  cylindrical 
panel  under  compression  on  its  lower  buck¬ 
ling  force  is  investigated.  The  upper 
critical  force  is  also  de ten, lined  and 
the  relationship  between  the  stream 
velocity  and  the  buckling  stress,  as  well 
as  stability  criteria  for  the  panel  are 
established. 


362.  Zheludev,  P.  It  Thin-wing  theory. 


Supersonic  flow  past  slender,  sharp¬ 
nosed  bodies  of  revolution  is  analyzed 
from  the  point  of  view  of  the  thin- 
wing  theory. 


IzAN  MeMa 
no.  3 
32-39 


IzAN  MeMa 
no.  4 
14-19 


IzAH  MeMa 
no.  6 
172-176 


-  106  - 


36  3.  Korobeynikov,  N.  P.  The  calculation  of 

the  aerodynamic  characteristics  of  thin, 
curved  bodies  and  cambered  wings. 

Initial  relationships  for  flow  around 
slender  cambered  bodies  obtained  from 
previously  published  data  (Korobeynikov, 
N.  P.  Supersonic  flow  around  slender 
bodies  with  a  curved  axis.  GKAT,  Col¬ 
lected  Articles,  no.  15,  1959)  are  used 
to  derive  formulas  for  calculating  the 
aerodynamjc  characteristics  of  cambered, 
low-aspect  wings.  The  effect  of  aero¬ 
dynamic  twist  (wash)  on  these  character¬ 
istics  is  shown  by  practical  examples. 


364.  Loytsyonskiy,  L.  G. ,  and  Yu.  V.  Lapin. 
(Leningrad  Polytechnical  Institute). 

The  application  of  Kerman1 s  method  for 
calculation  of  turbulent  boundary  layer 
parameters  in  a  gas  flow  past  a  plate. 

By  using  Karraan's  equation  for  turbulent 
flow  and  applying  a  simple  asymptotic 
expansion,  Karman's  theory  of  an  incompres¬ 
sible-fluid  flow  past  a  plate  is  extended 
to  the  case  of  a  compressible-gas  flow  at 
large  Mach  numbers.  .The  gas  is  assumed 
to  be  perfect  and  the  flow  is  analyzed  for 
two  cases?  with  heat  removal  and  without 
it. 


365.  Minos tzev,  V,  B,  Supersonic  flow  past 
axially  symmetrical  bodies  flying  at 
at  angle  of  attack. 

The  supersonic  flow  of  an  ideal  gas 
past  axially  symmetrical  bodies  flying 
at  an  angle  of  attack  has  been  investi¬ 
gated  in  the  case  when  M  >>  1  and  the 
inentropic  exponent  is  constant.  The 
theory  is  illustrated  by  the  calculation 
of  the  gas  flow  past  a  cone  and  past  a 
truncated  cone  with  a  groove. 
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3b6.  Bulakh,  B.  M.  Some  problems  In  conical 
flow  theory. 

Boundary  problems  In  the  theory  of 
oonloal  vortex  flows  are  discussed, 
and  the  pattern  of  flow  past  a  tri¬ 
angular  wedge  Is  established  ac¬ 
curately.  Specific  points  formed  in 
coalescing  nonvortex  and  vortex  flows 
behind  attenuating  shock  waves  are 
defined. 


367.  Balakh,  B.  M,  Some  properties  of  conical 
supersonic  gas  flows. 

The  influence  of  a  shock  wave  on  a 
conical  flow  is  investigated.  The 
shook  wave  is  produced  in  a  uniform 
nonperturbed  supersonic  flow  by  a 
conical  body  located  inside  the  Mach 
oone. 


3b  8.  Lunev,  V.  V.  A  similitude  law  for  thin 
blunt  bodies  in  a  hypersonic  gas  flow. 

A  theoretical  investigation  of  the  simi¬ 
larity  of  hypersonic  flow  about  thin 
flat  plates  and  axisymmetric  bodies  with 
blunt  leading  edges  or  noses  is  extended 
to  obtain  the  generalized  similitude  law 
for  viscous  and  inviscid  heat-conducting 
gas  flows.  Observations  regarding  simi¬ 
litude  criteria  for  a  perfect  gas  flow 
are  included. 


30 U.  Barantsev,  R.  G. ,  and  Wu,  Tsjen-yu.  Forces 

and  moments  acting  oh  bodies  of  revolution 
in  a  free  molecular  flow. 

Aerodynamic  coefficients  of  convex 
bodies  of  revolution  are  calculated 
for  an  equilibrium  free-molecular  flow 
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with  diffusion  reflection  of  molecules 
from  the  surface  of  the  body.  Numerical 
calculations  for  a  cone  with  a  half¬ 
apex  angle  of  20°  are  included. 


370.  Baush,  G.  Supersonic  flow  of  an  ideal 
gas  past  plane,  axisymmetrical,  thin 
bodies. 

An  approximate  solution  is  obtained  for 
the  region  between  the  shock  wave  and  a 
body  with  a  sharp  leading  edge.  It  is 
assumed  that  the  shock  wave  is  of  small 
intensity.  The  method  is  an  extension 
of  G,  G.  Chernyy's  method  to  the  region 
of  low  hypersonic  velocities. 


371.  Popova,  I.  A.  (Leningrad  State  University). 
An  approximate  analytical  solution  of 
non-vortical  equations  for  variable  sur¬ 
face  wing  in  supersonic  flow. 

An  approximate  analytical  solution  of 
equations  of  a  steady  flow  is  obtained 
by  the  method  of  successive  approxima¬ 
tions,  and  the  pressure  and  density  on 
a  wing  surface  In  the  absence  of  vorticity 
are  determined. 


37 2.  Popova,  I.  A.  (Leningrad  Staue  University). 
The  effect  of  vorticity  in  supersonic 
flow  around  variable  surface  airfoils. 

Corrections  to  hydrodynamic  parameters 
are  given,  with  vorticity  effects  taken 
into  account.  The  solution  is  a  genera¬ 
lisation  of  JDonov's  results  for  the 
profiles  of  some  finite  span  wings. 
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373*  Borisov,  B,  J.  (Moscoyj  State  University). 
Minimum  drag  of  an  annular  wing. 

A  method  for  determining  the  minimum- 
drag  profile  for  an  annular  wing  in 
supersonic  flow  is  presented. 


VeMoU  MMe 

no.  1 
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374.  Shugayev,  P.  V.  (l-loacow  State  University).  VeMoU  MMe 

Supersonic  flow  around  axisymmetric  blunt  no,  2 
bodies  with  detached  shock  wave.  46-53 

The  direct  problem  of  the  flow  around 
blunted  bodies  of  various  shapes  is 
discussed. 


375.  Belotserlcovskiy,  0.  M.  (Computing  Center,  AN  Vyoh  Ts 

Academy  of  Sciences  USSR).  Formulas  and  1-55 

tables  of  values  for  supersonic  flow  about 
blunt  bodies. 

Formulas  are  given  for  determining  flow 
fields  about  axisymmetric  ellipsoids  of 
revolution,  including  the  sphere,  in  a 
supersonic  flow  of  an  ideal  gas.  A.  A. 

Dorodnitsyn's  method  of  integral  relation¬ 
ships  makes  possible  the  direct  solution 
of  the  problem  of  constructing  the  flow 
around  a  given  body. 


37 6.  Tir3kly,  G.  A.  A  sweptback  wing  in  hyper-  ZhPMeTF 

sonic  flow.  no.  6 

54-68 

The  problem  of  failui'e  of  the  leading 
edge  is  discussed  as  an  essentially 
three-dimensional  one  with  a  secondary 
flow  in  the  boundary  layer.  The  dis¬ 
placement  of  the  ablated  surface  on  the 
leading  edge  is  taken  into  account.  Two 
cases  are  analyzed  in  detail:  when  the 
material  of  the  cylinder  has  a  definite 
melting  temperature  and  an  arbitrary  finite 
number  of  transient  temperatures  at  which 
heat  absorption  occurs  (metals  and  crys¬ 
talline  modifications  of  some  ceramics 
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follow  this  disintegration  pattern);  and 
when  the  material  does  not  have  a  definite 
melting  point  and  there  is  exponential 
temperature  dependence  of  the  viscosity 
of  the  molten  material  (various  classes 
disintegrate  in  this  way).  A  system  of 
equations  for  the  disintegration  process 
and  an  approximate  formula  for  the  abla¬ 
tion  rate  of  vitreous  materials  (case  2) 
arc  given. 


377.  Mishin,  0.  I.,  and  V.  A.  Ovsyannikov. 

(Leningrad  Physicotechnieal  Institute). 
The  influence  of  gas-dynamic  relaxation 
of  CO2  on  the  drag  coefficient  of  a 
sphere  at  supersonic  velocities. 

The  results  from  measurements  of  the 
drag  coefficient  for  a  sphere  for  long 
and  short  relaxation  times  of  deforma¬ 
tion  oscillations  of  a  C02  molecule  are 
presented.  The  influence  of  relaxation 
on  the  drag  coefficient  of  a  sphere  is 
evaluated. 


378.  Belotserkovskiy,  0.  M. ,  and  P.  I.  Chushkin. 
Supersonic  flow  past  blunt  bodies. 

A  numerical  method  is  given  for  obtaining 
a  solution  of  the  exactly  formulated  problem 
of  the  supersonic  steady  flow  of  a  non- 
vlscous  perfect  gas  around  a  blunted  sym¬ 
metrical  profile  and  a  body  of  revolution 
of  arbitrary  shape,  both  with  zero  angle 
of  attack.  Sample  calculations  for 
M  ■  1  to  10  and  -  are  presented. 


379.  Zhigulev,  V.  N.  (Moscow).  On  the  effeot 
of  the  relaxation  boundary  layer. 

The  supersonic  flow  of  a  weak  relaxation 
gas  around  a  wedge  is  investigated.  It 
is  shown  that  the  nonequilibrium  effects 
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are  essential  not  only  in  the  layer  ad* 
jacent  to  the  shook  wave,  but  also  In  a 
region  called  the  "relaxation  boundary 
layer"  olose  to  the  surface  of  the  wedge 
and  extending  Infinitely  downstream  and 
having  a  thiokness  of  several  relaxation 
lengths.  An  exaot  solution  Is  given  for 
the  osoillatory  relaxation  problem. 


380.  Kosterin,  S,  X.,  Yu.  A.  Koshmarov,  and  XnPZh 

YU.  P,  Flnat'yev.  Hydrodynamics  of  a  v.  5#  no.  5 

turbulent  air  flow  In  the  gap  between  15*20 

rotating  ooaxial  oylinders. 


The  air  flow  In  an  annular  channel  between 
a  rotating  Inner  cylinder  and  a  stationary 
outer  cylinder  was  experimentally  invest!* 
gated.  The  Investigation  covered  the  range 
of  .Reynolds  numbers  In  the  gap  from  1CP  to 
10^  and  of  Taylor  numbers  from  0  to  5*10^, 

The  test  setup  and  the  measuring  instruments* 
tlon  are  described  In  detail. 


381.  Krasil'nikov,  Yu.  I.  (Mosoow).  Aero-  InZh 

dynamic  characteristics  of  a  triangular  v.  2,  no.  1 

wing  with  ailerons,  flaps,  and  slots  in  175-lSl 

supersonic  flow. 

The  problem  of  dete mining  the  lift, 
moment,  and  their  coefficients  for  a 
thin  triangular  wing  with  a  deflected 
aileron,  open  slots,  and  depressed 
flaps  is  reduced  to  evaluating  a 
function  of  disturbed-velocity  poten¬ 
tial,  and  determining  the  distribution 
of  the  resultant  pressure  over  the 
wing. 


382.  Nikolayev,  V,  Se  Viscous  hypersonic  flow 
about  a  slender  cone. 

A  viscous  hypersonic  flow  of  an  ideal 
gas  over  a  slender  con*  at  zero  angle 
of  attack  is  considered.  The  trans* 
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verse  ourvature  of  tha  surface  ana  vne 
Interaction  of  the  boundary  layer  with 
the  a  hook  wave  are  taken  Into  aooount. 
Integral  relatione  of  lmoulses  and 
energy  are  -used  In  the  boundary-layer 
oaloulatlons,  aeaumlng  a  oonatant  sur¬ 
face  temperature. 


jd3.  Bogacheva,  A.  A.,  and  M.  D.  Ladyzhenakly.  InZh 

Hypersonic  flow  around  slender,  elliptic,  v.  2.  no.  3 
blunted  cones.  14-20 

A  hypersonlo  gas  flow  around  slender,  el¬ 
liptic,  blunted  oones  la  examined  under 
the  assumption  of  Infinite  compression 
of  the  gas  In  the  shook  wave.  The  oone 
can  be  considered  ae  a  model  of  tri¬ 
angular  wing  with  a  very  low  aspect 
ratio. 


384.  Fridlender,  B.  I.  Cruciform  and  T-shaped 

finite- span  wings  In  a  compressible  fluid. 

The  potential  of  disturbed  velocity  of 
a  compressible  gas  Is  determined  In  a 
steady  supersonic  flight  of  thin  cruci¬ 
form  and  T-shaped  wings  similar  to  a 
tall  unit  of  an  airplane.  Each  plane 
has  a  different  plan  view.  The  wing- 
tip  effects  are  discussed  in  detail  for 
both  wings. 


InZh 

v.  2,  no.  4 
245-261 


385.  D'yakonov,  Yu.  N.,  and  V.  0.  Pirumov.  IsAN  MeMa 

Supersonic  gas  flows  with  dlssoola-  no.  1 

tlon  and  Ionisation.  7-14 

An  approximate  method  for  calculating 
supersonic  flow  about  a  wedge  and  a 
cone  Is  presented.  Two  types  of  flow 
are  considered:  A  Frandtl-Neyer  flow  in 
which  complete  thermodynamic  equilibrium 
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386. 


307. 


388. 


of  the  gas  is  assumed  and  a  frozen 
rrandtl-Meyer  flow.  Some  speculations 
on  the  effects  of  thermodynamic  and 
ohemloal  disequilibrium  on  this  flow 
are  therefore  possible.  Equations  are 
also  presented  for  the  flow  about  a  oone 
at  zero  angle  of  attack#  assuming  perfect 
thermodynamlo  equilibrium  of  the  gas 
behind  the  shook  wave. 


Kolodoehkln,  V.  P.  (Moscow).  Pointed 
bodies  of  revolution  in  a  supersonic 
flow  at  various  angles  of  attaok. 

Properties  of  a  supersonic  axl sym¬ 
metrical  air  flow  over  bodies  of 
revolution  with  conical  noses  at  a 
small  angle  of  attack  are  discussed. 
Equations  for  characteristics  of  the 
resultant  flow  are  obtained  by  super¬ 
position  of  disturbances  on  the  basic 
(undisturbed)  flow  at  -  1.5  to  6. 


Karafoll,  Ye.  (Carafoli,  E.).  Pressure 
distribution  on  airfoils  in  supersonic 
and  hypersonlo  flows. 

Expressions  are  derived  for  positive 
and  negative  pressure  distributions 
over  an  airfoil;  the  positive— as  the 
result  of  compression  behind  the  shook 
wave  (assuming  that  the  velocity  there 
is  supersonic),  and  the  negative— of 
the  Prandtl-Meyer  expansion  over  the 
whole  range  of  reaoh  numbers  up  to 
M.  -*■  Formulas  are  also  given  for 
the  lift,  drag,  and  moment  coefficients. 


Stulov,  V.  P.  Flow  over  a  convex  angle 
of  an  Ideally  dissociating  gas  with 
nonequilibrium  taken  Into  account. 

The  problem  Is  solved  approximately 
for  an  arbitrary  angle  in  the  vicinity 


IzAN  MeMc 
no.  1 
15-24 


IzAN  MeMa 

no.  1 

59-65 


IzAN  MeMa 
no.  3 
4-10 
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or  Its  apex.  Consideration  .Is  also 
given  to  variations  In  discontinuities 
of  normal  derivatives  of  gas-dynamio?! 
variables  along  the  characteristic 
ouzve  separating  the  uniform  incoming 
flow  from  the  rarefied  flow. 


389*  Lunev,  V.  V.  (Moscow).  Similitude 

conditions  for  hypersonic  turbulent 
boundary  layers  on  slender  bodies. 

Similitude  conditions  for  hypersonic 
flows  around  plane  and  axisymmetrloal 
slender  bodies  with  a  turbulent 
boundary  layer  having  a  variable 
entropy  along  Its  outer  Interface 
are  Investigated. 


IzAN  MeMa 
no.  4 
13-17 


390a  Mel'nikov,  D.  A.  Supersonic  flow 
around  triangular  flat  plate. 

A  study  is  made  of  supersonic  flow 
over  a  compressible  surface  of  a  tri¬ 
angular  flat  plate  at  an  angle  of 
attack  at  which  the  supersonic 
component  of  the  velocity  veotor  of 
an  undisturbed  flow  normal  to  the 
leading  edge  meets  the  plate  at 
an  angle  smaller  than  the  limiting 
angle  of  the  corresponding  wedge. 


IzAN  MeMa 
no.  6 
33-39 


391  Kholyavko.  V.  I.  Flow  about  plates  at 
*  high  supersonic  velocities. 

The  similarity  between  high  super¬ 
sonic  flow  past  bodies  and  phenomena 
of  an  explosion  wave  Is  considered. 
On  this  basis,  approximate  solutions 
of  supersonic  flow  past  a  blunt  body 
may  be  obtained. 


IzAN  MeMa 
no.  5 
26-31 
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392.  fcunftv,  V.  V.  Shock  layer  method  In 
problems  of  hypersonic  flow  over 
slender  blunted  bodies. 


XzAN  MeMa 
no.  6, 
146-147 


An  analysis  Is  presented  of  the 
method  proposed  by  H.  Cheng,  T. 

Hall,  T.  Colllan,  and  A,  Hertz- 
berg  for  approximate  calculation 
of  a  flow  over  slender  blunt  bodies. 
An  equation  establishing  the  rela¬ 
tionship  between  shock-layer  thick¬ 
ness  end  pressure  is  given.  Reasons 
for  the  discrepancies  ere  given,  and 
it  is  stated  that  the  method  used  by 
0.  3.  Cherayy  is  more  accurate  in 
this  case. 


393,  Aslanov,  S.  K.  Sonic  motion  of  a 
diamond- shaped  airfoil  at  zero 
angle  of  attack. 

The  sonic,  steady-state,  planar  flow 
of  a  compressible  gas  past  a  diamond- 
shaped  airfoil  of  a  wing  of  infinite 
span  at  zero  angle  of  attack  is  Inves¬ 
tigated.  In  the  subsonic  region,  this 
investigation  is  based  on  Chaplygin* s 
exact  equation  of  flow  and  can  serve 
as  a  standard  for  evaluating  the  ac¬ 
curacy  of  previous  investigations 
made  on  the  basis  of  the  approximate 
equation  of  transonic  flow. 


XzVUZ,  AvT 

no.  1 
3-10 


39  M.  Tumashev,  a.  0.,  and  0.  V.  Troyepol*- 
skaya.  (Kazan*  State  University). 
Determining  the  shape  of  the  Jet  of 
a  wing  with  a  Jet  flap. 


The  shape  of  a  Jet  formed  by  steady 
potential  flow  of  an  incompressible 
fluid  around  a  thin,  slightly  bent 
wing  equipped  with  a  Jet  flap  is 
determined.  A  small  angle  of  attack 
and  a  small  angle  of  inclination  of 
the  Jet  ere  assumed. 


IzVUZ. 
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395.  Brakin,  I.  I.  Determining  the  optimum 
geometric  parameters  of  aircraft 
structure. 

An  analytical  method  is  presented  for 
determining  the  optimum  shape  and 
dimensions  of  aircraft  structural 
members.  The  initial  gross  weight  is 
taken  for  the  optimality  criterion 
under  the  assumption  that  no  change 
in  useful  load  and  performance  is  as¬ 
sociated  with  the  variation  in  geo¬ 
metry.  The  optimum  wing  loading  for 
a  given  speed  and  height  of  flight, 
and  the  optimum  fineness  ratio  of  the 
front  portion  of  a  fuselage  are 
determined  as  examples. 


IzVUZ,  AvT 


no.  1 

66-74 


3 jo.  Bulygina,  Ye.  V.  Optimally  cambered  IzVUZ,  AvT 

and  twisted  wing  in  supersonic  flow.  no.  g 

The  balance  of  wings  is  achieved 
within  a  wide  range  of  lifting 
forces  without  increasing  the  drag 
through  suitable  twist  and  camber. 


397,  Monakhov,  N.  M.  Applying  the  Rlemann 
method  to  solution  of  problems  in 
flows  past  slender  bodies. 

The  potentials  of  disturbances  of 
longitudinal  and  transverse  flows 
are  obtained  at  the  generatrices 
of  slender  bodies  of  revolution  at 
a  small  angle  of  attack. 


IzVUZ,  AVT 
no.  4 
27-35 


398.  Lunev,  V.  V.  Hypersonic  flow  past 
slender,  blunted  power-law  shaped 
bodies. 


v.  26,  no.  2 
389-390 
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The  hypere^.ic- similarity  laws  for 
flows  past  thin,  blunted  cones  and 
wedges  have  been  established  by 
0,  0,  Chemyy.  It  is  shown  that 
analogous  laws  oan  be  applied  to 
thin  and  axi symmetric  bodies  whose 
shape  is  uesoribed  by  a  power 
function. 


399*  Bulakh,  B.  M.  Supersonic  flow  around 
an  inclined  circular  cone. 

An  analysis  of  supersonic  flow  about 
a  cone  at  an  angle  of  attack  which 
reconciles  the  findings  of  Stone, 
Bsrrl,  and  Wlllet  is  presented. 


FNNft 

v.  26,  no.  2 

3PO-307 


4oo.  Galkin,  7,  S.  Lift  in  a  free  molecule 
flow. 

A  calculation  is  presented  demonstra¬ 
ting  that  the  lift  of  some  bodies  of 
finite  length  in  a  free  molecule 
stream  oan  be  negative  at  any  angle 
of  attack  between  zero  and  90°  and 
for  any  value  of  the  criterion 
V/c  (where  V  is  body  velocity 
and  o  the  most  probable  thermal 
velocity  of  inoldent  molecules)  even 
when  the  forces  act  on  the  body  bases. 
The  problem  is  calculated  for  flow 
past  a  symmetrical  finite-length 
wedge  where  the  ratio  of  the  tempera¬ 
ture  of  reflected  molecules  to  the 
static  temperature  of  the  Inoldent 
flow  is  in  the  range  0.1  to  1. 


PMNft 

v.  26,  no.  3 

567 


401.  Bulakh,  B.  M.  On  asymmetrlo  hyper¬ 
sonic  flow  around  a  circular  cone. 

A  steady  invisoid  homogeneous  hyper- 
sonio  gas  flow  at  angle  of  attack 


note 

v.  26,  no.  5 

973-976 


past  a  circular  cons  is  discussed. 

The  velocity  components  on  the  cone 
surfaoe  are  obtained  by  a  modification 
of  the  A.  L.  Gonor  solution  presented 
In  IzOTN,  1959,  no.  7. 


402.  Shebalov,  A.  N.  Wave  drag  of  plane  fMMe 

body  in  unsteady  motion  under  a  v.  26,  no.  6 

free  surface.  1104-1111 

The  problem  of  unsteady  motion  of  a 
plane  body  of  arbitrary  shape  under 
the  free  surface  of  a  heavy.  Incom¬ 
pressible  fluid  is  Investigated,  and 
a  method  for  obtaining  expressions 
for  complex  velocities  and  acting 
forces  Is  presented.  A  Laplace 
equation  Is  used  to  determine  velocity 
potential.  Special  cases  of  the 
peculiarities  of  unsteady  motion, 
such  as  plane  vorticity  and  its 
sources,  are  examined  and  analyzed. 

An  expression  for  the  wave  resistance 
of  a  body  of  arbitrary  shape  is  estab¬ 
lished  by  using  the  formulas  obtained 
by  L,  N.  Sretenskly.  A  wave-resis¬ 
tance  formula  for  a  cylinder  of  a 
certain  radius  in  unsteady  motion  and 
submerged  to  a  certain  depth  under 
the  free  surface  is  derived.  This 
formula  is  found  to  be  analogous  to 
that  of  Sretenskly. 


403.  Carafoll,  E. ,  and  A.  Ohia-Nastase . 
(Institute  of  Applied  Mechanics, 
Bucharest).  Minimum  drag  problem 
for  a  wing  of  symmetrical  thick¬ 
ness. 

The  problem  of  finding  the  surfaoe 
configuration  of  a  minimum- drag  wing 
of  &Bymmetrloal-triangle  plan  form 
symmetrical  thickness,  and  a  given 
volume  is  treated.  The  results  ob¬ 
tained  oan  be  applied  to  determining 
the  minimum  drag  of  rectangular  and 
trapezoidal  wings. 


StuOeMeAp 
v.  13,  no.  1 
11-24 
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404.  Oarafoli,  E.,  and  D.  Mateescu. 

(institute  of  Applied  Mechanics, 
Bucharest).  Wing-fuselage  inter¬ 
ference  in  high-order  conical  flows. 

The  interference  between  wing  and 
conical  fuselage  in  a  supersonic 
flow  is  analysed  in  the  oase  when 
the  distribution  of  the  angles  of 
attack  (or  of  incidence)  is  given 
as  a  sum  of  homogeneous  polynomials 
of  various  orders,  assuming  that 
regions  with  different  angle-distri¬ 
bution  regimes  are  separated  bv  ridges. 


StuCeMeAp 

v.  13#  no.  2 
275-294 


405.  Sandulescu,  S.  and  A.  Nastase-Ghla.  StuCeMeAp 

(Insltute  of  Applied  Mechanics#  v.  13#  no.  5 

Bucharest).  The  mixed  problem  of  1099-1126 

a  triangular  wing  in  higher-order 
conical  flow. 

The  distribution  of  the  angles  of 
attack  and  pressures  over  the  wing 
surface  is  determined  from  their 
distributions  along  two  wing  sections 
given  by  homogeneous  high- order  poly¬ 
nomials.  The  sections  are  divided 
from  each  other  by  a  straight  line 
(called  "mixing  edge")  passing 
through  the  apex  of  the  wing.  The 
How  past  triangular  wlnge^  thin  and 
symmetrically  thick,  is  investigated. 

By  placing  the  "mixing  edge"  on  the 
left  or  right  side  cf  the  triangle, 
the  direct  and  inverse  problems  can 
be  obtained  as  limiting  oases  of  the 
mixed  problem. 


* 

4q6,  Mateescu,  D.  (Institute  of  Applied 
Mechanics,  Bucharest).  Wings  with 
sharp  edges  in  supersonlo  flow. 

A  special  class  of  wings  with  all 
edges  having  zero  thickness  (called 
"wing  with  subtending  surfaces")  is 


StuCeMeAp 

v.  13,  no.  5 
1127-1156 
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discussed.  The  supersonic  flow  past 
a  triangular  wing  (thin  and  of  sym¬ 
metrical  thiokness)  with  subtending 
surfaces  is  analyzed  and  the  problem 
of  a  triangular  wing  with  a  diamond- 
shaped  profile  is  treated  as  an 
example. 


40  7.  Belova,  A.  V. ,  and  V.  P.  Loshkina,  A 
thin  airfoil  in  supersonic  flow  with 
complex  thermodynamics. 

A  thin  airfoil  in  a  supers onio  flow 
under  complex  thermodynamic  conditions 
is  considered  and  equations  of  motion 
are  established  in  the  first  and  second 
approximations.  Formulas  for  calculat¬ 
ing  the  lift  components  of  the  air¬ 
foil  are  also  given. 


VeLUMMeAs 
v.  7,  no..  2 
96-100 


40  8.  Mikheyev,  A.  S.  (Leningrad  State  VeLUMMeAs 

University).  An  analytical  solution  v.  7,  no.  2 

to  the  problem  of  supersonic  flow  105-112 

about  conlo  surfaces. 

The  supersonic  steady  flow  of  gas  about 
a  cone  is  considered  and  an  attempt  Is 
made  to  derive  an  analytical  approximate 
solution  which  would  be  Independent 
of  the  thickness  of  the  body  and  the 
magnitude  of  the  Mach  number  of  the 
flow  and  would  apply  to  gases,  other 
than  an  ideal  one,  with  a  constant 
lie  at  capacity. 


409. '  Smirnov,  N.  V.  Supersonic  conlo al  flow  VeLUMMeAs 

under  complex  thermodynamic  conditions.  v.  7,  no.  2 

113-118 

An  analytical  solution  is  given  for 
the  problem  of  supersonic  ieentropic 
flows  of  an  arbitrary  gas  over  a 
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410. 


411. 


412. 


single  airfoil  and  over  a  oasoade  or 
alrfolla.  Tha  problem  la  solved  in 
the  first  and  in  the  seoond  approxi¬ 
mations  with  the  use  of  linearisation. 


Arkhipov,  V.  N.  and  K.  S.  Khoroahko. 
(Mosoow).  A  method  of  accounting 
for  relaxation  In  flow  past  a  cone. 

The  disturbance  and  relaxation  of 
thermodynamio  equilibrium  in  the 
superaonlo  flow  of  a  mixture  of 
perfect  gases  (with  regard  to 
chemical  reactions  only  among 
components)  past  a  fixed  semi- 
infinite  cone  is  discussed.  Flow 
Is  parallel  to  the  cone  axis,  and 
the  disturbance  Is  caused  by  gas 
compression  when  the  gas  passes 
through  an  attached  shock  wave. 


Chuskin,  P,  I.  (Computing  Center, 

Academy  of  Sciences  USSR,  Moscow). 
Hypersonic  flow  past  blunted  bodies 
of  revolution. 

The  results  of  computer  calculations, 
carried  out  by  the  method  of  charac¬ 
teristics,  of  the  axisymmetrlo  hyper¬ 
sonic  flow  of  a  perfect  gas  past  blunted 
circular  oones  and  cylinders  are  analysed. 


Babayev,  D.  A.  Numerical  solution  of 
the  superoonlo  flow  past  a  delta  wing. 

The  supersonic  flow  of  a  perfect  gas 
past  a  plane  delta  wing  with  a  positive 
angle  of  attack  is  studied.  The 
boundaries  of  the  region  of  influence 
of  the  wing  apex  on  the  upper  part  of 
the  wing  are  determined. 


ZhPMeTF 
no.  6 
121-124 


ZhVyohMMF 
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'll 3.  Nazarov,  0.  I.  Pressure  of  a  gas  jet  ZhPMeTF 

on  an  Isosceles  wedge.  no*  1 

25-33 

Bergmann's  method  Is  used  to  solve 
two  problems  of  pressure  determina¬ 
tion  on  isosceles  wedges:  l)  the 
symmetrical  flow  of  gas  over  a  wedge, 
and  2)  the  flow  of  a  compressible 
fluid  over  a  wedge  at  the  Inlet  of  a 
channel.  In  the  second  problem,  some 
use  is  made  of  N.  Ye.  Zhukovskiy <s 
formulas  for  the  flow  of  Incompressible 
liquids  over  wedges. 


¥ 


| 

1114 1  Murzinov,  I.  N.  The  effect  of  the  ZhPMeTF  f 

Prandtl  number  on  flow  around  a  no.  1 

blunt  body  at  low  Reynolds  numbers.  39-43 

The  equilibrium  flow  of  a  viscous, 
fairly  rarefied  gas  in  the  region 
of  the  stagnation  point  of  axially 
symmetric  blunt  bodies  moving  at 
high  supersonic  speed  is  considered, 
and  equations  of  continuity,  motion, 
and  energy  are  derived.  The  variation 
of  the  Prandtl  number  along  the  boun¬ 
dary  layer  and  heat  flow  at  the  stag¬ 
nation  point  are  dlsoussed  In  relation 
to  wall  temperature.* 


m-j.  Sychev,  V.  V.  Small  disturbance  method 
in  problems  of  hypersonic  gas  flow 
over  slender  blunted  bodies. 

An  approximate  solution  of  the  problem 
of  a  uniform  hypersonic  gas  flow  past 
slender  bodies  with  blunted  noses  Is 
presented  by  using  a  unified  small- 
disturbance  method.  Expressions  are 
obtained  for  determining  the  flow 
parameters  at  a  great  dlatanoe  from 
the  body  and  In  a  layer  olose  to  Its 
surface. 
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1*16.  Bab  ay  tv,  D,  A*  Numerical  solution  of  ZhVyohMMP 

supersonic  flow  past  a  delta  wing,  v.  2,  no.  6 

1086-1101 

Tha  solution  of  a  supersonic  How 
past  tha  lowtr  aurfaot  of  a  dalta 
wing  is  studiad  In  tha  domain  of 
tha  influence  of  tha  wing  vartax. 

Determination  of  flow  parameters, 
entropy  function,  and  tha  form  of 
tha  shook  wava  is  raduoad  to  tha 
solution  of  a  system  of  correspond¬ 
ing  aquations  of  motion  and  contin¬ 
uity  under  certain  boundary  con¬ 
ditions. 


1|17'  Kuznetsov,  S.  T.  Diagrams  and  tables  of 
tha  flow  about  a  wedge,  cone,  and 
oonoave  surfaoe  of  dissociated  air. 

This  book  oontalns  diagrams  and  tables 
of  dissociated  air  How  for  calcula¬ 
ting  shock  wave  parameters  of  high- 
energy  flows  having  velocities  from 
2000-10000  m/sao,  and  for  heights  from 
0  to  80  km. 


1963 

1|18 .  Nowak,  Eugenlusz.  Free  moleoule  hyper-  ATCh  MeSt 

sonic  flow  past  a  sphere.  v.  15,  no.  3 

3^7-357 

Free-molecule  approximation  of  a  steady 
hypersonic  gas  flow  past  a  sphere  is 
considered.  Distributions  of  mean 
velocity  of  rebounded  molecules  are 
discussed,  disregarding  lntermoleoular 
collisions. 


419.  Pridlender,  B.  X.  A  cruciform  wing  of 
finite  span  in  a  compressible  flow, 

A  thin  cruciform  wing  in  a  supersonlo 
flow,  with  its  horizontal  and  vertioal 
surfaces  performing  arbitrary  harmonic 


DAN  SSSR 
v.  151,  no.  6 
1299-1302 
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oscillations,  1b  discussed.  A  linear 
formulation  is  used  to  derive  an 
expression  for  the  disturbed-velocity 
potential,  considering  the  Interaction 
of  oscillations  and  the  wing-tip  effsot. 
The  way  of  handling  the  "oruoifona” 
wings  with  arbitrary  dihedral  angles 
(e.g,  star-shaped)  is  Indio *ted. 


i»2Q.  Magomedov,  K.  M.  Supersonio  flow  past 
blunt  bodies  with  known  sonlo  points. 

The  flow  field  in  the  region  between 
a  detached  shook  wave  and  an  axisyra- 
metrioal  body  with  a  known  sonic  point 
Is  studied  in  the  case  of  a  supersonio 
flow  at  zero  angle  of  attack.  The 
shape  of  the  shock  and  the  pressure 
distribution  over  the  body  are  deter¬ 
mined.  Approximate  formulas  are  derived 
for  shook  detachment,  pressure  distribu¬ 
tion,  and  velocity  gradient,  depending 
on  the  ratio  of  shook  densities  ahead 
of  and  behind  the  normal  shook,  and  on 
the  bluntness  parameters. 


IzAN  MeNa 
no.  1 
111-117 


421.  Qrodzovskiy,  Q.  L.  (Moscow).  Super-  IzAH  MeNa 

sonic  flow  with  a  subsonio  axial  no.  4 

velocity  component  about  a  flat  oas-  115-120 

oade  and  a  perforated  wall. 

Supersonio  flow  about  a  flat,  perlodlo 
cascade  with  no  separation  having  a 
subsonio  axial  component  of  the  incident 
flow  in  a  direction  normal  to  the  cas¬ 
cade-plans  is  considered.  Expressions 
for  basio  flow  parameters  are  established 
which  take  pressure  losses  into  account. 

Tht  flow  fields  both  In  front  of  the 
oasoade  and  far  upstream  are  studied. 


422.  Oserlnln,  V,  H.  The  effeot  of  wing  XsVTJZ.AVT 

downwash  on  stabilizer  lift.  no.  1 

157-166 

An  approximate  method  is  presented 
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for  determining  the  lift  characteristic 
of  *  stabiliser  with  a  span  graator  than 
that  of  the  wing.  An  oppression  for 
the  vortical  component  of  the  Induced 
voloolty  at  N  >  1  is  derived  and 
the  downwash  behind  a  wing  and  a  wing- 
cylindrical  body  combination  la  discus* 
sod. 


423.  Bulygina.  Ye,  V.  A  self-balancing  IzVUZ,  AvT 

airfoil  of  minimum  drag,  no,  2 

118-123 

The  problem  of  determining  the  shape 
of  an  airfoil  of  minimum  drag  with 
given  lift  and  moment  coefficients  In 
an  Ideal  fluid  at  high  supers onio 
speeds  Is  presented. 


424.  Buly  lna.  Ye.  V.,  and %L.  T,  Yakubo.  IVDZ.  AvT 

Hypersonic  airplane  with  self-balano-  no.  3 
Ing  surface.  3-10 

The  problem  of  determining  the  lifting 
surfaoe  of  a  hypersonic  airplane  with 
a  high  lift-drag  ratio  and  a  known 
center  of  gravity  is  studied.  The 
minimum- drag  body  problem  with  a 
given  lift  la  treated  In  detail  for 
given  and  arbitrary  volumes  of  the 
body. 


425.  Kholyavko,  V.  I.  Aerodynamic  oharaoteris-  IzVUZ,  AvT 
tics  of  airfoils  and  wings  with  blunted  no.  3 
leading  edges  at  high  supersonic  speeds.  43-50 

Tht  plane  supersonic  flow  of  an  lrv- 
vlscld  perfeot  gas  over  slightly 
blunted  bodies  Is  examined  by  ap¬ 
plying  the  principle  of  plane  sections. 

The  piston  theory  la  used  In  deriving 
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the  equations  for  shook  wave  propa¬ 
gation  and  pressure  on  the  piston 
(body).  The  influence  of  edge  blunt* 
ness  and  of  the  sweepbaok  on  the  aero* 
dynamic  characteristics  of  a  plate 
and  triangle  wing  is  dlsoussed. 


426.  Val'kov,  Yu.  A.  Entry  of  a  winged  air-  IsVTO,  AvT 

oraft  into  a  vertical  gust.  no.  4 

3-14 

Longitudinal  notion  of  a  winged  air¬ 
craft  (treated  as  a  perfectly  rigid, 
constant-weight  body;  which  has  flown 
into  a  strong  vertical  current  is 
analyzed,  assuming  that  the  directions 
of  gust  and  of  flight  are  always 
perpendicular  to  each  other,  and 
the  gust  velocity  is  small  in  relation 
to  that  of  the  flight.  Expressions 
for  determining  dangerous  gust  velocities 
for  various  gust  patterns  are  derived. 


427.  Romishevskiy,  Ye.  A.  (Moscow).  Hyper¬ 
sonic  gas  flow  past  slender  bodies, 
with  radiation  taken  Into  considera¬ 
tion. 


InZh 

v.  3#  no.  1 
12-17 


Special  features  of  high  supersonic 
gas  flow  past  slender  bodies,  whose 
form  is  described  by  a  power  or  an 
exponential  function,  are  discussed. 
The  entry  of  suoh  a  body  into  dense 
layers  of  the  terrestrial  atmosphere 
is  analysed,  and  the  radiation  effect 
on  the  distributions  of  temperature, 
pressure,  and  velocities  over  ooncave 
and  oonvex  bodies  is  pointed  out. 


428.  Basshln,  A.  P.  Supersonic  flow  around 
a  flat  plate  with  detached  shock  wave. 

A  study  is  presented  of  the  flow  past 
a  flat  plate  at  an  angle  of  attack  with 


InZh 

v.  3#  no. 
222-226 


2 


* 
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a  detached  shook  In  the  entire  super- 
senlo  and  hypersonlo  regions.  The  method 
of  Integral  correlations  is  used  for 
esloulatlng  flow  parameters  and  computer 
programming  of  the  flow- field  configu¬ 
ration.  The  location  of  the  critical 
point  on  the  plate  Is  examined  under 
oertaln  conditions.  Numerical  calcula¬ 
tions  were  male  at  M  -  4.5#  6. 85# 

10.  and  20;  at  angles  of  attack  of  90  # 
75*,  65*,  and  45*;  and  oompared  with 
e^perfjnantal  data. 


429.  Molseyenko,  A.  F.  Reversibility  theorem  InZh 

for  steady  motion  of  an  annular  wing  v.  3#  no.  2 

with  fuselage.  355-362 

The  reversibility  theorem  is  applied 
to  a  combination  of  an  annular  wing 
and  a  coaxial  Infinite  cylinder  In 
steady  subsonic  or  supersonic  flow. 

Aerodynamic  characteristics  and  pressure 
relationships  of  annular  wings  In 
direct  and  reverse  flow  are  discussed 
and  the  lift-preasure  relation  is 
established.  Lift  characteristics  of 
the  wing- fusel age  system  are  calcul¬ 
ated  for  various  wing- aspect  ratios 
and  ratios  of  cylinder  to  wing  radii 
and  are  shown  In  graphs. 


430.  Neyland,  V.  Ya.  (Moscow^  and  0.  I. 
Taganov  (Moscow) ,  Forward 
separated  flow  region  In  nonsym- 
metrioax  supersonlo  flow  over  a 
spiked  cone. 

A  generalization  of  the  method  used 
by  S.  M.  Bogdonoff  and  T.  E.  Vas 
(Hypersonlo  Separated  Plows.  Seventh 
Anglo-American  Aeronaut.  Conf.,  N.Y. , 
1959)  to  solve  the  problem  of  hyper¬ 
sonic  separated  flow  over  a  spiked 
oone  at  an  angle  of  attack  other  than 


InZh 

y.  3#  no.  3 
419-423 
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zero  is  described.  Thai  results  (given 
In  graphs)  with  respect  to  the  maxi  pub 
value  of  the  angle  of  attack  compatible 
with  the  flow  model  considered  are 
discussed. 


431.  Neyland,  V.  Ya.  (Moscow).  Hyper¬ 
sonic  invlsold  gas  flow  over  a  plate 
at  an  angle  of  attack. 

A  method  is  outlined  for  calculating 
the  parameters  of  an  inviscld  gas 
flow.  The  correlations  of  the  flow 
theory  of  an  inviscld  gas  makes  it 
possible  to  determine  the  one-para¬ 
meter  class  of  solutions  at  given 
values  of  angle  of  attack  and  M  of 
the  incident  flow.  Numerical  results 
are  obtained  for  laminar  flow  in  the 
mixing  region  with  no  heat  transfer 
under  the  assumptions  that  the  product 
of  the  density  and  the  dynamlo  co¬ 
efficient  of  vlsooaJty  is  oonstant 
across  the  mixing  region  and  that 
the  Prandtl  number  is  equal  to  1. 


InZh 

b 4-3iJ°- 3 


432.  Golublnskiy,  A.  X.  (Moscow).  Lift  and  XnZh 

moment  of  a  thin  airfoil  in  an  arbitrary  v.  3,  no.  3 
unsteady  flow.  442-445 

Unsteady  subsonic  and  supersonic  flows 
over  a  thin  airfoil  are  considered 
in  linearized  formulation.  The  reverse- 
flow  theorem  is  generalized  to  the 
case  of  an  arbitrary  unsteady  flow  by 
using  the  analogy  with  a  steady  flow 
over  an  equivalent  three-dimensional 
wing. 


433.  Filippov,  I.  Q.  (Moscow).  A  theory 
of  diffraction  of  weak  shocks 
around  wedges. 


PMMb 


no.  1 
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#• 


A  new  method  is  used  to  study  the 
general  problem  of  two-dimensional 
weak-shook  diffraction  around  wedges 
and  bodies  of  arbitrary  shape.  With 
this  method,  the  plane  nonsteady  flow- 
diffraction  problem  is  reduoed  to 
the  auxiliary  problem  of  three- dimensional 
steady  supersonic  flow  around  bodies 
at  an  anglt  of  attack. 


4314.  Sapunkov,  Ya.  0.  (Saratov).  Hyper¬ 
sonic  flow  past  a  circular  cone 
at  an  angle  of  attack. 

The  determination  of  the  hypersonic 
flow  properties  around  a  circular 
cone  at  an  angle  of  attack  la  deter¬ 
mined  by  using  Cheng’s  expansion  of 
the  small  parameters.  Error  analysis 
indicates  that  the  solution  obtained 
by  this  method  is  not  valid  in  the 
vicinity  of  the  cone  surface,  which 
may  be  due  to  erroneous  oalaulatlan 
of  entropy. 


FMMs 

v.  27,  no.  1 
190-192 


^ 35.  Sapunkov,  Ya,  Q.  (Saratov).  Hypersonio 
gas  flow  past  a  circular  cone  at  an 
an  angle  of  attack. 

A  method  of  successive  approximations 
(by  using  the  Poincare-Light hill- Kuo 
method)  is  presented  which  uniformly 
approximates  the  exact  solution  of 
the  problem  of  a  hypersonio  flow  of 
a  homogeneous  gas  around  a  oone  at 
at  an  arbitrary  angle  of  attack  in 
the  whole  region  between  the  shock 
wave  and  oone  surfaoe,  including 
the  vorticity  layer. 


PMMe 

v,  27,  no.  5 
930-939 


*<36.  Bilakh,  B.  M*  Asymmetrical  hypersonio 
flow  past  a  circular  oone. 


FMMe 

v.  26,  no. 
973-976 


5 
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A  steady#  uniform#  Invlsold  flow  of 
gas  at  an  angle  of  attaok  is  studied# 
and  solutions  similar  to  those  of 
H.  K.  Cheng  are  obtained.  It  Is  shown 
that  A,  L.  donor's  theory  cannot  be 
applied  In  this  oase. 


4  37.  Ginzburg,  I.  P.,  and  G.  V.  KOchery-  VeLUMNeAs 

zhenkov*  Turbulent  boundary  layer  no.  2 

In  a  compressible  fluid  on  a  thermally  86*98 
noninsulated  wing  or  axi symmetric 
body* 

An  approximate  solution  is  presented 
for  the  problem  of  motion  of  a  compres¬ 
sible  fluid  in  a  turbulent  boundary 
layer  on  a  thermally  noninsulated  wing 
or  an  axlsymmetrlc  body.  The  o&loul ac¬ 
tion  procedure  Is  outlined  for  a 
numerical  example  of  a  spherical  body 
In  an  air  flow  of  M  «  20  with  a 
stagnation  point  temperature  of  7000*X. 


438.  Mikheyev#  A.  S.  Supersonic  flow 
around  a  body  of  revolution. 

A  supersonic  flow  around  a  pointed 
body  of  revolution  with  a  curvilinear 
generatrix  is  studied#  and  a  system 
of  gasdynamic  equations  describing 
a  steady  adiabatlo  gas  flow  with 
arbitrary  thermodynamio  properties  Is 
considered.  The  equation  of  a  shook 
wave  Is  derived#  and  ga3 dynamic  para¬ 
meters  of  the  shook  wave  and  on  the 
body  surface  are  determined. 


VeLDMMeAs 
no.  2 
120-127 


**39.  Vereshchagina#  L.  I.  Base  pressure  on 
bodies  of  revolution  in  a  supersonic 
gas  flow. 

A  method  for  determining  the  base 


VeLGMNeAa 

no.  3U 
139-143 
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pifisun  on  bodies  of  revolution 
rotating  In  a  supersonic  gat  flour 
(turtulent  mixing)  la  presented. 

The  modal  usad  la  described,  the 
flow  In  tha  mixing  region  la  analysed, 
and  tha  procedure  of  calculation  la 
given* 


ilito  •  BsrepuMiav,  V.  A.  Rarefied  gas  flow 
about  a  plate, 

A  flow  of  highly  rarefied  gaa  about 
a  flat  olroular  plate  at  a  aero  angle 
of  attack  was  analysed.  It  was  as¬ 
sumed:  l)  that  tha  maorosooplo  velocity 
of  the  flow  is  higher  than  the  thermal 
velocity  of  the  free- stream  molecules 
and  greatly  exceeds  the  velocity  of 
the  reflected  molecules,  2)  that  the 
reflection  of  molecules  from  the  sur¬ 
face  takes  place  by  diffusion  accord¬ 
ing  to  the  Maxwellian  distribution 
function,  and  3)  that  the  molecules 
are  solid  elastlo  spheres. 


ZhWohMKP 
v.  3,  no.  3 
581-583 


44 1.  Syagayev,  V.  F.  A  numerical  method  for 
solving  the  problem  of  supersonlo  gas 
flow  around  oonloal  bodies. 


ZhWohMMP 
v.  3#  no.  4 
742-754 


Supersonlo  flow  of  an  ideal  gas  around 
a  conical  body  having  one  or  several 
planes  of  symmetry  is  discussed.  The 
Inverse  type  method  of  solving  the 
boundary  problem  based  on  Iterated 
numerical  solutions  of  the  Cauohy 
problem  with  successive  correction  of 
the  given  Initial  data  is  used.  The 
results  are  compared  with  those  obtained 
by  other  methods  and  with  experiment! 
data. 


442.  Borisov,  V.  M.  (Moscow).  On  optimal 
shape  of  bodies  In  supersonic  gas 
flow. 


ZhWohMKV 
v.  3,  no.  4 
788-793 
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Two  variational  problems  of  gas 
dynaraios  art  considered:  oonstruotlng 
optimal  oontours  for  flows  of  a  perfect 
gas  with  a  shook  wave  and  the  mlnlmaifr- 
drag  generatrices  of  portions  behind 
the  nose  of  bodies  of  revolution  are 
determined;  and  the  flow  of  a  real  gas. 


4  n  3 .  Mikheyev,  A,  S.  Supersonic  flow 
around  blunted  bodies  of  revolu¬ 
tion. 

An  adlabatle  equilibrium  supersonio 
steady  gas  How  (of  given  thermo¬ 
dynamic  properties)  past  a  blunted 
body  of  revolution  with  a  oomer 
point  on  Its  contour  Is  Investigated, 
using  a  simplifying  modification  of 
A.  A.  Dorodnltsyn's  method  of  Integral 
relations. 


1964 

VSEtftOleAs 


no.  1 
108-113 
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GROUP  A  AEROi'tECMAMICS  OF  HIGH-SPEED  FLOWS 

A-3  Testing  anc  Research  Facilities 
Wind  Tunnels 
Shock  Tubes 
nozzles  and  Dlffusors 
Other  Testing  Facilities 
Simulation  and  Modelling  Facilities 
Re-Entry  Testing  Equipment 


A-3  TESTING  AND  RESEARCH  FACILITIES 


444,  Zemskiy,  0.  M.  (Moscow).  Suoersonic  wind 
tunnels. 


1940 
VoeVorA 
Rep.  No.  60 


1959 

445,  Nedelesou,  Ion  An  open-type  supersonic  wind  “STOCWteAp 

tunnel  in  continuous  operation  v.  10,  no.  1 

287-301 

The  description  and  flow  parameters  of  a 
supersonic  wind  tunnel  at  the  Trai an  Vula 
Institute  of  Applied  Mechanics  are  given  and 
its  test  results  are  discussed.  The  possibility 
of  construction  of  a  larger  tunnel  is  examined. 


1961 

446.  Gusev,  V.  N.  A  study  of  flow  in  a  discharge  InZh 

device.  v.  1,  no.  3 

161-165 

A  mathematical  investigation  of  the  shock- 
wave  propagation  in  an  electric-discharge 
device  is  presented  oy  using  a  piston  analog. 

The  working  substance  i*  a  perfect  gas,  and 
there  are  no  physical  or  chemical  transform¬ 
ations  during  the  notion.  A  formula  for  the 
velocity  of  wave  propagation  is  derived. 

Waves  with  velocities  over  Id  km/sec  can  be 
obtained  in  the  device  discussed  here. 


447. 


Antonov,  A.  M. ,  and  M.  M.  Sidlyar.  Some 
approximate  solutions  of  problems  of 
hypersonic  flow  about  slender  bodies 


PMe 


v.  7»  n< 
649-656 


no.  6 


A  theoretical  study  by  the  method  of 
successive  approximation  of  bodies  at  M  €  20  Is 
based  on  general  equations  of  conservation  of 
mass,  momentum,  and  energy,  and  continuity  of 
the  tangential  component  of  veloolty.  Numeri¬ 
cal  data  are  given  on  pressures  in  the  flow 
about  a  wedge  at  M  -  17,  18,  19,  20,  and  21. 
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i«i)8t  Jungowskl,  V.  M.  Methods  for  calculating 
stagnation  temptrature  In  a  hypersonic 
gun  tunnal. 


1962 

IWR  MaSt 
v.  1*1 ,  no.  3- 
*»91-5-3 


An  analyais  of  phenomena  in  a  sun  tunnel  is 
presented,  along  with  a  description  of  tha 
mathod  darivad  by  Cox  and  Winter  (AOAFD  Report 
139).  A  sketch  of  tha  apparatus  is  given  to¬ 
gether  with  a  time-verauo-dlstance  diagram, 
and  an  operational  description  is  presented. 
It  is  stated  t».at  gas  friction  and  heat  trans¬ 
fer  have  little  affect  on  piston  motion  but 
quite  a  dlstinot  affect  on  stagnation  temper¬ 
ature  through  tha  attenuation  of  tha  primary 
shook  wave  and  a  decrease  in  gas  entropy.  The 
effect  of  piston  weight  on  the  strength  of  the 
shock  wave  is  outlined. 


i|i«9 •  Lashkov,  A.  I.,  and  Nikol’skiy,  A.  A. 

Shook-wave  starting  of  a  supersonic  diffuser. 

A  method  which  uses  nonstationary  flow 
phenomena  for  the  starting  process  of  a 
supersonic  alf fuser  ass  been  developed. 

The  diffusers  were  tested  at  M  »  2.905  and 
M  «  2.9  and  results  are  snown  in  spark  photo¬ 
graphs  . 


IrtZh 

v.  2.  no.  1 
11-16 


J45O  Popov,  N,  N.  The  problem  of  imparting  high 
flight  velocities  to  bodies. 

\  numerical  solution  of  the  classical 
Lagrange  problem  (determining  the  motion  of 
a  piston  in  a  cylinder  open  on  one  end  and 
closed  on  the  other  end,  the  space  between  the 
piston  and  the  closed  end  being  filled  by  an 
ideal  gas)  is  presented.  This  problem  is  then 
applied  in  the  case  of  one-dimensional  motion 
in  a  cylinder  with  the  electric  and  magnetic 
fields  perpendicular  to  each  other  and  to  the 
velocity  vector;  the  solution  is  obtained  by 
successive  approximations. 


VeMoU  MM* 
no.  *1 
69-7*» 


-  135  - 


451.  Krayko,  A.  N.t  I.  N.  Naumova,  and  Yu.  D. 

Shmyglavskiy .  Designing  optimum-shape 
bodlaa  In  tuparaonlo  flow, 

Tha  dtslgn  of  tha  shape  of  the  auparaonic 
position  of  nosslaa  with  maximum  thrust  is 
disoussad. 


1964 

VMF 

v.  26.  no.  1 
179-182 
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GROUP  B  AEROTHERHODYNAMICS  OF  HIGH-SPEED  FLOWS 


B-l  Aerothe xmonhysiC3 

Mass  and  Heat  Transfer 
Temperature  Distribution 
Thermal  Radiation  Effects 
Ionization 
Dissociation 


B-l  AEROTHERMOPHYSICS 


^52.  Kallkhman,  L.  T«.  (Moscow).  Haat  tranafir  in 
tha  boundary  layar. 

Tranalatloni  NACA  Taeh.  Man.  Ho.  1229 
'1949) 


^53.  ProkoC'yev»  V.  A.  .  Influanca  of  radiation  on 
tha  propagation  of  anall  dlaturbaneaa  In 
vlacouc  haat  conducting  flulda  (hydrody¬ 
namic  theory). 

An  attanpt  la  nada  to  analyse  tha  radia¬ 
tion  probleu  with  an  accurata  evaluation  of 
tha  transfer  of  radiation.  Haat  radiation 
and  the  absorption  of  radiation  anargy  are 
taken  Into  account. 


454,  Sidorov.  3.  A.  (All-Union  Institute  of  Haat  Is AN  OTN 
Technology.  Moscow).  An  approxlaata  solu-  no,  9 
tion  la  derived  for  tha  case  of  nonstatlon-  116-117 
ary  convection  haat  transfer. 


1946 

PMMe 

v.  10.  no.  4 
449-474 


1937 

TsIR  OTN 
no.  7 
94-102 


^55.  Kin,  Ye.- I.  (Kharkov).  Concerning  one  prob-  PMMe 

lan  of  tha  haat  exchange  of  a  ayatan  of  v.  21,  no.  5 

bodies.  624-633 

A  study  of  tha  heat-exchange  problem  of  a 
system  of  bodies  In  thermal  contact  Is  re¬ 
ported  for  the  case  of  continuously  vary¬ 
ing  temperature  and  heat  flow  In  the 
neighborhood  of  the  contact  boundary. 

456,  Gllkman,  V.  F.  On  the  problem  of  nonets-  ZhETeP 

tlonary  heat  transfer  through  a  plate.  v.  27,  no.  12 

2794-2796 

Presents  an  expression  for  the  specific 
thermal  flux  through  two  surfaces  of  the 
plate.  Values  are  given  for  the  relative 
deperture  of  the  thermel  flux  from  lta 
stationary  value.  (Refer  to  Sov.  Phye*. 

Dec.  1937,  2593-2393.) 
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193* 

457  Crlgor'y***  *•  A.  Son#  problem*  of  heating  ITO  OTN 
ib. ItfiBlti  plate  by  uneteady  flovi.  no*  1 

•6-94 

Una toady,  pvlaid  radlotliig  flovi,  whoea 
donolty  at  tho  Irradlocad  surfoea  la 
oxprlaaed  by  the  product  of  a  power  and 
an  exponential  function  (both  of  time) , 
frou  tha  beginning  of  Irradiation,  era 
dlecueoed. 


458.  Tlrakiy,  C.  A.  (Moscow).  Nona tatlonary  hast  I a AN  OTN 

tranafar  through  a  ayatem  of  dlaka  rotating  no.  7 
In  a  vlacoua  fluid.  106-107 

A  ganarallsatlon  of  tha  problau  of  nonata- 
tlonary  haat  tranafar  la  praaantad  for  a 
ayatau  of  dlaka  rotating  In  a  vlacoua 
liquid. 


459;  Grigoryan,  s.  S.  On  boating  and  uniting  of  PMHa 

a  aolld  by  friction.  v.  22,  no 

577-587 

Tho  formulation  and  aolutlon  of  two  problama 
of  haatlng  of  aollda  by  friction  ara  pra¬ 
aantad.  Tha  flrat  problem  la  that  of  fric¬ 
tion  batwaan  two  aollda;  tha  socond  la  tha 
flow  of  a  vlacoua,  Incompressible  fluid  paat 
a  aolld  body. 


Taploanar 
gatlka 
no.  4 
79-80 

Tha  davalopmant  and  application  of  approx¬ 
imate  nathoda  of  calculating  tha  affacn  of 
a  nonatatlonary  regime  on  convective  haat 
exchange  ara  praaantad. 


460.  Sidorov,  E.  A.  (All-Union  Inatltute  of  Haat 

Technology,  Moacow).  Calculation  of  affacta 
of  a  nonatatlonary  regime  on  convective 
haat  exchange. 
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46l.  Zaydel*.  R.  M.,  0.  S.  Ryshov,  and  Ye.  I.  An- 
dryankln  (Institute  of  Chamical  Physics, 
Moscow),  Propagation  of  nearly  spherical 

boat  wavas. 

Tha  propagation  of  haat  wavas  of  naarly 
spherical  shape  la  calculated.  Tha  da- 
termination  of  tha  eigenvalue  spectrum 
aud  the  corresponding  eigenfunctions  Is 
explained. 


1939 

*DAN  SSSR 
v,  12  4,  no, 
57-39 


462.  Faysullov,  F.  S. ,  N.  N,  Sobolev,  and  Ye.  M. 
Kudryavtsev  (Physics  Institute, AN  SSSR), 
Temperature  of  nitrogen  end  air  behind  a 
shock  wave. 

The  experimental  results  on  the  temperature 
of  air  and  nitrogen  behind  a  shock  wave, 
obtained  by  using  the  method  of  conversion 
of  spectral  lines  with  photoelectric  re¬ 
cording,  are  evaluated. 


DAN  SSSR 
v.  127,  no.  3 
541-544 


463.  K<>8»n,  M.  N.  (Moscow).  High  conductivity 
flows. 


Certain  characteristic  types  of  flow 
occurring  in  the  ease  of  high  heat  con¬ 
ductivity  are  studied.  The  process  for 
solving  the  case  of  an  arbitrary  body  Is 
briefly  Indicated,  end  it  Is  pointed  out 
that  In  the  case  of  supersonic  flow,  the 
turbulence  occurs  upstream  of  the  body. 


DAN  SSSR 

v.  128,  no.  3 

488-490 


464-,  **r#kiy,  G.  A.  (Moscow).  Heating  of  a  heat- 
conducting  wall  behind  a  moving  compression 
shock. 

An  exact  solution  of  the  problem  of  heating 
of  e  flat  wall  behind  a  plane  shock  wave 
travelling  through  a  gas  at  rest  at  con¬ 
stant  speed  parallel  to  the  wall  boundary 
Is  obtained. 


DAN  SSSR 
v.  128,  no.  c 
1140-1143 
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465*  Z*rublnt  V,  8*  A  problem  of  unsteady  beet 
conductivity. 

The  unsteady  hast  transfer  taking  place  in 
the  ceaing  Of  A  liquid-cooled  liquid-fuel  re* 
action  engine  during  transient  regimes  is 
discussed.  It  is  assumed  that  the  inner 
and  outer  walls  of  the  engine  casing  are 
thermally  connected  by  convective  heat 
transfer  by  means  of  the  liquid  coolant 
whose  temperature  is  time  dependent »  and 
that  heat  flux  is  proportional  to  the  tern* 
perature  of  a  given  point  at  a  given  tine. 


is  an  BnAvtT 
no.  2 
38-44 


il66«  Sidorov.  E.  A.  (Moscow).  A  generalisation  IsAN  EnAvtT 
of  Grets's  solution  to  covar  the  case  of  no.  6 
radiative  heat  transfar.  183-185 

A  generalisation  of  Grets's  solution  for 
convective  heat  transfer  in  laminar  fluids 
to  cover  the  case  of  radiative  heat  trans¬ 
fer  la  presented. 


467.  Sidorov,  E.  A.  (Moscow),  The  interaction  of 
convection  end  radiation  in  an  absorbing 
medium. 


IsAN  MeMa 
no.  5 
134-136 


The  further  development  of  previously  ob¬ 
tained  results  on  the  interaction  between 
heat  convection  and  radiation  in  absorbing 
media  is  presented.  The  study  covers  the 
case  of  a  two-dimensional  steady  motion  of 
an  incompressible  fluid  in  the  neighbor¬ 
hood  of  a  non  iso thermal  surface. 


468.  Cherpakov,  P.  V,  (Voronesh  State  University). 
Periodic  solutions  of  heat  transfer  equa¬ 
tions. 


IsVUZ,  M 
no.  2 
247-251 


Periodic  solutions  of  the  equations  of  heat 
transfer  In  finite  and  infinite  regions 
characterising  the  propagation  of  heat 
waves  are  obtained. 
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469*  Merkulov,  V.  I.  (Kiev).  Heat  transfer  tn  a  PMMa 

plana  stationary  flow  of  viaeoua  fluid*  v.  23,  no*  3 

581-382 

Equations  of  staady  haat  transfar  in  a 
stationary  flow  of  viscous  liquid  are 
darlvad.  Tha  assumptions  of  constant 
haat  transfar  coafflclants  and  of  tha 
known  solution  of  tha  valocity  flald 
problem  ara  introducad. 


1960 

4  yo.  Kaplan,  S.  A.,  and  I*  A.  KLlmlshin*  Soma  As  zh 

notas  on  shock  wava  radiation*  v*  37,  no*  2 

281-283 

Tha  haatlng  of  a  gas  bafora  tha  front  of 
a  shock  wava  by  tha  radiation  amlttad  by 
it  is  dlscussad*  Formulas  for  calcula¬ 
ting  tha  width  of  tha  haatad  sona  and 
its  tamparatura  flald  ara  glvan* 


j . 

i 


471,  Nikitin,  Ya.  Ya.  (Institute  of  Chemical  Physics, 
Academy  of  Sciences  USSR).  A  mechanism  of 
lntermolacuiar  energy  exchange  during  dis¬ 
sociation  of  a  diatomic  gas. 

A  mechanism  for  lntermolacuiar  energy  ex¬ 
change  in  tha  presexrce  of  diatomic  gas 
dissociation  is  discussed. 


DAN  SSSR 
v.  132,  no.  2 
393-398 


4  72 ,  Hotulavich,  V,  P*  (Power  Engineering  Instl-  Enl  AN  SSSR 
tuta,  Moscow).  Haat  exchange  at  tha  16-22 

stagnation  point  of  blunt  bodies  in  su¬ 
personic  gas  flow. 

A  relatively  simple  method  for  solving 
tha  problem  of  haat  exchange  at  tha  stag¬ 
nation  point  of  blunt  bodies  in  super¬ 
sonic  gas  flow  is  proposed.  Tha  method  is 
based  on  tha  process  occurring  in  tha  cen¬ 
tral  stream  of  tha  supersonic  flow  in  an 
inviscid  fluid* 


4 

& 


-  141  - 


Nisi*#** 


473 •  KuiMtiov,  M,  M.  (Institute  of  Chemical 
Physics,  Academy  of  Sciences  USSR). 

Problems  of  temperature  distribution  end 
eemeentretlon  of  the  components  of  dis- 
seelatlni  elr  In  the  nonaqulllbrlum  region 
behind  e  steep  shock  front  ere  discussed. 


Mikhaylov,  V.  V.  (Moscow  Stats  University). 

An  enelytleel  presentation  of  thermodynamic 
functions  of  dissociated  air. 

Relatively  simple  and  accurate  expressions 
are  given  for  thermodynamic  functions  of 
dissociated  air,  disregarding  processes  of 
additional  excitement  of  the  degree  of 
freedom  of  the  particles.  It  Is  assumed 
that  progressive  energy  levels  do  not  de¬ 
pend  on  Inner  levels. 


475.  Kvashnina,  S.  S.,  and  V.  P.  Korobeynikov. 

Solution  of  some  problems  of  air  motion, 
with  dissociation  and  Ionisation  accounted 
for. 

Approximate  gas-dynamics  formulas  are  pre- 
aonted  for  air  In  the  temperature  range 
from  1000  to  20,000*  K. 


H76.  Volodlne,  M.  V.,  Yu.  A.  Dem'yanov,  S.  S. 

Kellln  and  N.  V.  Chereshneva.  Wall  surface 
temperatures  behind  a  shock  wave. 

A  theoretical  and  experimental  Investi¬ 
gation  of  the  wall  surface  temperatures 
behind  a  shock  wave  moving  at  constant 
speed  Is  reported. 


*177,  Povltskly,  A.  S.  Equilibrium  temperature  of 
slender  bodies  in  supersonic  flow. 


InPSh 

v.  3,  no.  9 
17-24 


InSb 

v.  28 
36-43 


IsAN  MaMa 
no.  2 
34-44 


IsAN  MeMa 
no.  6 
112-116 


IsVU*  A#T 
no.  1 
33-42 
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The  corrections  which  must  be  introduced 
in  the  coefficient*  of  heet  transfer  of 
a  flat  plate  whan  those  coefficients  are 
applied  to  slender  wedges,  thin  airfoils, 
slender  cones,  and  slender  bodies  of  revo¬ 
lution  sowing  at  high  supersonic  speeds 
are  discussed. 


478,  F^gurovskiy,  V,  I,  The  calculation  of  the 
heating  of  two-layer  plates. 

The  heating  of  a  two-layer  plate,  one  layer 
of  which  has  low  heat  conductivity  (thernal 
insulation)  and  the  other  is  natal,  is  ana¬ 
lysed  under  the  assumptions  that  the  tem¬ 
perature  of  the  insulation  layer  is  that 
of  the  surrounding  air  and  that  there  is 
no  heat  tvanafer  from  the  free  surface  of 
the  metal  layer. 


i4 79 .  Yarkho,  A.  A.  (Khar'kov).  Heat  transfer  in 
the  neighborhood  of  the  blunt  leading  edge 
of  a  cylindrical  wing  on  slipping. 

The  solution  obtained  previously  for  the 
problem  of  heat  transfer  in  the  neigh¬ 
borhood  of  the  forward  critical  point  in 
a  plane  flow  of  gas  is  generalised.  The 
case  of  steady  flow  of  gas  around  an  in¬ 
finite  cylindrical  wing  is  studied.  The 
assumption  of  a  laminar  flow  in  the  boun¬ 
dary  layer  and  of  a  constant  Prandtl  num¬ 
ber  and  specific  heat  is  introduced. 


480.  Alimov,  R.  Z.  (Kasan'  Aviation  Institute), 

The' inf luence  of  diffusion  on  heat  transfer 
of  gases  in  a  boundary  layer. 

An  approximate  method  is  presented  for  cal¬ 
culating  the  Influence  of  diffusion  on 
heat  transfer  of  the  gas  in  the  boundary 
layer,  based  on  crlterlonal  equations. 


IsVUZ ,  AvT 
no,  2 
99-104 


IsVUZ,  AvT 
no,  3 
22-27 


Is?UZ  F 
no,  3 
97-102 


48l.  Petukhov,  1.  tM  ead  V.  V.  Kirillov.  Hoot  Toplooaer- 
tronofor  In  o  turbuloat  compreaalbla  got  gotlko 
flow  in  o  tub#  ot  a unborn  up  to  4.0.  v,  7,  no,  3 

*4-72 

Local  hoot  tronafer  la  o  comp  rot  a  lb  lo  goo 
flow  la  o  tubi  with  Mach  number a  from  0.3 
to  4*0.  to pa o Ida  auabora  fron  40* 10*  to 
•00* 10* ,  and  relatlvo  tuanol  loogtha  oa 
hoot  troaofor  oro  determined,  end  geaer- 
ollaod  ralotlons  for  the  calculation  of 
hoot  troaofor  oro  proton  tad. 


482.  itrotooovlch,  ft.  L.  Fluctuation  thermo-  ZhETF 

dyaonlca  of  aonoqulllbrlun  procoaaaa.  v.  39,  ao,  6 

1647-1659 

Kquotlona  of  the  theory  of  equilibrium 
fluetuotlona  end  of  nonequilibrium 
theraodynamlea  were  derived  by  eateb- 
llahlng  o  relotlonahlp  between  the 
fluetuotlona  la  two-dlmenalonal  dls- 
trlbutlon  and  the  ona-dlmenelonal  dla- 
trlbutlon  of  o  nonequilibrium  proceae. 

It  la  ahowa  that  the  realduol  correlo- 
tloaa  and  the  ergodlcli  »  of  the  eyatea 
ore  determined  by  the  behavior  of  lta 
thermodynamic  fluetuotlona.  The  Ou¬ 
tage  r  relatione  are  generalised  to  the 
cote  of  nonlinear  nonequilibrium 
proceeeee. 


483.  Hevsglyodov,  V.  G.  Theraodynamlea  of 
turbulent  ayatema. 

Some  conaequencea  of  the  aecond  lav  of 
thermodyaamlea  for  eingle-componeat  tur¬ 
bulent  ayatema  ore  dlacuaaed.  It  la  ahowa 
that  the  low  muat  be  generalised  In  order 
to  be  applicable  to  auch  ayatema,  and  thla 
la  done  by  meant  of  the  concept  of  "turbu¬ 
lent-thermal  entropy." 


ZhETF 

v.  39,  no. 
1727-1733 


U8H.  Loytoyoaakly,  L.  G.  Heat  tranafer  In  tur¬ 
bulent  motion. 


PHMe 

v.  24,  no. 
637-646 


Literature  on  the  theory  of  haat  tranafer 
In  turbulent  notion  la  reviewed  briefly. 
Tha  hypothaala  of  locallaatlon  la  gener¬ 
alised  for  the  aaaa  of  Interactions  ba- 
tvaan  tha  polar  and  nolacular  flow  peat 
bodlas,  and  von  Karnan'a  thaory  la  ax- 
tandad  to  high  Preadtl  numbers. 


485*  Dem'yanov,  Yu,  A*  (Hoaeov).  Tha  boundary 
layar  on  a  plata  of  a,  t  line -variable 
aurfaea  temperature. 

A  aachod  la  davalopad  for  calculating  tha 
tamparatura  flald  In  tha  boundary  layar  of 
a  a  ami-inf  Inlta  plata  In  a  uniform  flow 
moving  with  a  valoclty  V».  Tha  onaat  of 
haatlng  In  tha  plata  la  govarnad  by  a  time- 
dependent  temperature  function  Tw( t),  where 
Tw  1b  the  wall  tenperature . 


486.  Kq> tandlan ,  b.  A.  (Moacow).  On  tha  atablllty 
of  tha  aolution  of  tha  nonlinear  haat  con¬ 
duction  aquation. 

Tha  atablllty  of  aolutlona  of  tha  nonlinear 
haat  conduction  aquation  la  analysad.  Suf¬ 
ficient  conditions  of  aaymptotlc  atablllty 
ara  obtalnad  by  making  uaa  of  certain  ap- 
proachaa  in  Lyapunov* a  aacond  method. 


487.  Nemchlnov,  I.  V.  (Moacow).  Problema  of  haat 
tranafar  by  radiation. 

Tha  aquatlona  of  radiative  haatlng  and 
cooling  by  radiation,  and  aquatlona  of 
motion  ara  analysed.  Self-almllar  ao¬ 
lutlona  ara  obtained  for  tha  eaaa  whan  the 
radiation  path  la  a  power  function  of 
tha  tamparatura,  and  tha  radiation  flux 
dapanda  on  time. 


PMMe 

v.  24,  no.  4 
647-630 


PMMe 

v.  24.  no.  6 
1112-1122 


ZhPMaTP 
no.  1 
36-37 
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*88.  **!■•* *  A.  M.  Flow  of  goo  With  high  thermal  ZhPMeTP 

conductivity  aear  tho  stagnation  point  of  no,  l 

•  bleat  body.  131*141 

Rest  tronofor  in  lonlood  and  nonlonlood  goono 
ttoor  tho  otognotlon  point  ot  arbitrary 
Fraodtl  auabert  lo  analysed. 


ii3g.  Lapin,  TU.  V.  Friotion  and  hoot  exchange 
*  in  a  compressible  turbulont  boundary  layer 
on  a  plate  with  the  injection  of  fluid. 

The  above  mentioned  friotion  and  heat  ex* 
change  analyte a  are  baaed  on  boundary- 
layer  equations  fbr  a  two-component  gat 
mixture  under  the  as  tump  t  Iona  that  the 
rate  of  the  inert-gas  injection  la  low, 
the  speolflo  heat  is  constant,  and  the 
Prandtl  and  Schmidt  number a  are  each 
equal  to  unity,  The  effect  of  the 
physloal  properties  of  the  injected  fluid 
on  the  friotion  and  of  the  injection  it¬ 
self  on  the  distortion  of  the  velocity 
profile  in  the  boundary  layer  are  discus¬ 
sed. 


ZfaTF 

v.  30,  no.  8 
984-993 


490. Lapin,  Tu.  V.  Friotion  and  heat  exchange 
in  a  compressible  turbulent  boundary 
layer  with  injection  of  a  ohemloally 
reactive  fluid. 


ZhTF 

v.  30,  no.  10 
1227-1237 


The  friotion  and  heat  exchange  in  the 
presence  of  chemical  reactions  caused 
by  injeotlon  of  a  fluid  into  a  compressible 
turbulent  boundary  layer  on  a  porous  plate 
are  investigated  under  the  assumptions  that 
the  rate  of  the  chemical  reaotlon  is 
infinitely  faster  than  that  of  diffusion, 
and  that  the  Prandtl  and  Lewis  numbers  are 
each  equal  to  unity. 


1961 

491*  Kotulevleh,  V,  P,  and  C.  P.  Malyahav  (Moicow  In I  AN  SSSR 

Power  Engineering  Institute).  The  effect  104-113 
of  dleeocletlon  on  heat  exchange  end  fric¬ 
tion  of  e  plate  In  an  air  flow. 
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The  calculation  of  friction  and  boat  ax- 
chan  ft  a  of  a  plate  in  air  flow  la  examined 
under  two  extrema  conditions t  "froaen" 
and  "equivalent."  The  equations  are  based 
on  the  real  dependence  of  all  calculated 
paraaetera  on  both  teaparature  and  prea- 
sure  in  the  "equivalent"  case,  and  only 
on  teaparature  In  the  "froaen"  caaa. 


492,  Kutateladae,  8.  S.,  and  A.  1.  Leont'yav.  ZnFZh 

Drag  and  heat-transfer  lava  in  a  turbu-  v.  4,  no.  6 

lent  boundary  layer  of  a  compressible  gas  33-41 

and  a  aethod  for  calculating  friction  and 
heat  transfer. 

A  aethod  baaed  on  Halt  laws  of  friction 
and  heat  transfer  is  proposed  for  calcu¬ 
lating  theae  paraaaters  In  a  turbulent 
boundary  layer  of  a  compressible  gas.  The 
theoretlcel  lews  of  reslstence  and  heat 
tranafer  obtained  here  peralt  to  ampli¬ 
fying  the  aethod  for  aolvlng  the  Integral 
relationships  of  the  boundary  layer  In  e 
coapreealble  gee  flow  with  longitudinal 
velocity  and  teaparature  gredlenta  In  re¬ 
gions  not  cloae  to  the  aeparetlon  point. 


493.  Devoyno,  A.  N.  Beale  heat-transfer  rag-  tnFZh 

ularlty  patterns  In  a  rarefied  gas  due  to  v.  4.  no.  6 

natural  convection.  70-77 

The  problem  of  heat  transfer  between  a  ver¬ 
tical  plate  and  a  rarefied  gaa  in  the  viscous 
and  tranalent  states  (corresponding  to  con- 
tlnuoua  and  slip  flow  respectively)  Is  die- 
cuased.  The  theoretical  solution  of  the 
problem  Is  compared  with  the  author's  ex¬ 
perimental  date  for  a  range  of  preaaures 
from  atmospheric  to  0.01  mu  Rg. 


-  494,  Kudryashev.  L.  I.,  end  A.  A.  Smirnov  (Kuy-  XnFZh 

byshev  Aviation  Institute).  Heat  transfer  v.  4.  no.  10 
In  fluid  flow  around  e  cylindrical  body.  21-29 
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Unsteady  isothermal  heat  transfer  between 
a  cylinder  and  the  flaw  of  an  Incompres¬ 
sible  fluid  ia  studied,  and  formulae  for 
«a|#aUtt»f  tha  beet  transfer  caafflclant 
a#t  derived  all  tlia  baala  of  a  scmlemplrleal 
iiMorf  af  turbulence* 


Ms(«Uflelk|  V«  F,  Boat  and  naaa  transfer  InFZh 

•t  tha  at agnation  paint  of  a  blunt  body*  no*  11 

10-18 

A  theoretical  analysis  la  praaantad  of  tha 
heat  and  case  tranafar  at  tha  atagnatlon 
point  of  blunt  bodiaa  In  a  multicomponent 
|«a  flow  with  tha  ehanleal  raaetlona  oc¬ 
curring  batwaan  tha  gaa  and  tha  matarlal 
takan  Into  account*  Tha  relation  of  Ig¬ 
nition  and  attanuatlon  procaaaac  to  other 
parameters  la  analysed*  For  purpoaaa  of 
simplification,  tha  analyala  la  raducad  to 
that  of  a  homogeneous  body  vlth  only  ona 
Irroweralbla  react Ion  taking  place*  Tha 
analysis  Indicates  that  1}  both  ignition 
and  attenuation  temperature  depend  on  tha 
chemical  reaction  characteristics  of  tha 
reacting  substances,  tha  flow  rata,  tha 
gas  density,  and  tha  dimensions  and  shape 
of  tha  body;  2)  mass  tranafar  and  surface 
temperature  Increase  with  rise  In  gas-flow 
temperature  for  reactions  of  all  typss; 
and  3)  higher  gaa  density  results  In 
Increased  mass  transfer,  as  does  In¬ 
creased  modulus  of  tha  hast  of  the  re¬ 
action  in  tha  case  of  endothermic  re¬ 
actions* 


I96,  Brovnan,  M.  Ya.,  and  Ys.  V,  Surin.  Heat  InrZh 

conduction  calculations.  v*  4 1  BOi  12 

73-82 

An  approximate  method  Is  proposed  for 
solving  heat  conduction  problems  with 
various  boundary  conditions.  Tho  solu¬ 
tion  is  expressed  as  a  polynomial  series* 

Zn  an  illustration  of  this  method,  in 
which  heat  conduction  Is  consldersd  In 
the  cooling  of  a  plate,  the  error  of  the 
resulta  did  not  exceed  3  to  4S, 


-  148  - 


1|Q7#  Shlshkov,  Ye.  V,  Temperature  auiuriMttti 
in  the  boundary  layer. 

Result*  are  presented  of  an  experimental 
study  of  the  distribution  of  local  values 
of  equilibria*  teeperatures  and  pressures 
on  the  surfaee  of  a  thermally  nonconduc* 
tive  cylinder  in  sub-  and  supersonic  flows. 
Data  obtained  are  compared  with  calculated 
data,  and  some  specific  conclusions  are 
drawn  concerning  the  work  of  a  thermocouple 
in  a  transverse  flow. 


1  Khirn  Ms. 
Sb. 

78-91 


498.  Neyland,  V.  Ya«,  and  G.  I*  Taganov.  Heat  InZh 

transfer  to  a  body  in  the  vicinity  of  the  v.  1,  no.  3 

frontal  separation  sone  In  a  hypersonic  151-153 

flow. 

The  maximum  heat  flow  is  evaluated  in  the 
vicinity  of  the  boundary  of  tha  frontal 
separation  sons,  under  laminar  flow  con¬ 
ditions.  The  Influence  of  dissociation 
on  heat  flow  at  certain  angles  of  the  con¬ 
ical  shock  wave  is  determined. 


499.  Golubev,  V.  A,  Parameters  of  turbulent  jets  InZh 

at  a  very  high  temperature.  v.  1,  no.  4 

51-58 

Plane  parallel  jet  flow  of  a  compressible 
gas  is  analysed  on  the  basis  of  Prandtl's 
theory  of  free  turbulence,  under  the  as¬ 
sumption  chat  the  length  of  the  mixing  sone 
for  heat  transfer  is  twice  that  for  trans¬ 
fer  of  momentum.  Calculations  are  made  for 
a  jet  initially  heated  to  temperatures  of 
20,000  and  5000*K.  The  results  obtained 
and  those  based  on  Taylor's  theory  of  tur¬ 
bulence  were  found  to  be  qualitatively 
comparable. 


500.  Nsslyev,  Ya.  M.  The  temperature  distribution  IsAV  VnAvt 

in  an  infinite  hollow  cylinder.  ne>  4 

60-83 

The  heat-conductivity  problem  is  considered 
in  the  case  of  an  infinite  hollow  cylinder 
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thermally  lmulitid  on  the  outside  and  with 
an  Inner  surface  haatad  by  a  haat  flow  which 
merles  exponentially,  Applying  the  Laplaca 
transformation  to  heat-conductivity  aqua- 
tian  with  corresponding  boundary  conditional 
9  tranaforn  pair  of  tha  aolutlon  of  tha 
aquatloaa  la  derived,  aatabllahlng  tha  dis¬ 
tribution  of  tha  temperature  In  tha  cylinder. 
Exact  and  approximate  aolutlona  ara  aiao  pro- 
aantad  for  tha  case* when  tha  taaparatura 
on  tho  outalda  aurfaea  of  an  infinite  nollov 
cylinder  la  maintained  conatant  and  tha  In¬ 
al  da  aurfaea  la  haatad  by  a  haat  flow  vary¬ 
ing  exponentially. 


501,  Eemynskly,  A.  N.  Haat  tranafar  naar  tha  XcAH  MeMa 
stagnation  point,  no,  1 

96-101 

Tha  affect  cf  radiation  on  convactive 
haat  tranafar  naar  tha  forward  atag- 
natlon  point  of  an  axieymmetrlc  blunt 
body  In  a  hyparaonlc  atraan  of  radi¬ 
ating  and  abaorblng  gaa  la  dlacuaaad. 


502,  Shakhnov,  I.  F,  Disturbance  of  a  supersonic  IxAN  MeMa 
flow  induced  by  discrete  or  continuously  no.  5 

distributed  haat  sources.  16-21 

Expressions  ara  given  for  tha  distribution 
of  disturbances  in  an  originally  undis¬ 
turbed  flow  of  ideal  gas.  It:  is  demon¬ 
strated  that  at  a  given  distribution  of 
haat  sources  in  tha  flow,  condensation  or 
rarefaction  waves  may  appear;  on  tha  other 
hand,  it  is  possible  to  reduce  some  shock 
waves  in  an  adiabatic  flow  over  bodies  by 
introducing  an  adequate  heat  supply. 


503.  Etuiov,  V,  P.  (Moscow).  Heat  transfer  in  a  I*  AN  MeMa 

laminar  boundary  layer.  no.  & 

11-14 

Calculation*  of  the  heat  transfer  io  a 
boundary  layer  on  a  plane  plate  arc  pre¬ 
sented  which  take  account  of  chemical  non- 
equilibrium,  The  results  indicate  that 
n one qul librium  in  a  gaa  particle  does  not 
affect  the  rate  of  heat  flow  significantly, 

-  150  - 


504,  Shakhnov,  I,  F.  The  method  of  email  d i •- 
Curb on cos  applied  to  nonadlabatic  super- 
•oale  flow. 

Flow  parameters  are  established  and  dis- 
euaaad  for  a  gae  flowing  at  auparaonlc 
vsloclty  over  a  flat  plata  at  saro  angle 
of  Incidence.  A  rectangular  sone  of  heat 
transmission  adjoins  the  plate.  Basic 
paraaatars  determining  tha  flow  Inside  and 
outside  the  heating  sone  are  given. 


505.  Sukaov,  I.  I.  Determination  of  the  ther¬ 
mal  characteristics  of  a  two-dimensional 
laminar  boundary  layer  In  a  compressible 
gas  without  a  longitudinal  pressure  gra¬ 
dient  In  the  region  of  the  stagnation  point 

Simple  approximate  solutions  are  presented 
which  give  good  results  In  determining  the 
coefficients  of  friction,  recovery,  and 
heat  transfer  for  a  plane  plate  and  for 
the  stagnation-point  region.  Analogous 
solutions  can  be  obtained  when  the  effect 
of  high  aerodynamic  heating  is  taken  Into 
.  account.  The  method  can  be  extended  to 
bodies  of  revolution. 


506.  Bulygina,  Ye.  V.,  M.  B.  Polyakov,  and 
Ya.  S.  Shoherbalc.  Thin  airfoil  with 
the  minimum  mean  heat-emission  coef¬ 
ficient  for  a  given  lift. 

A  theoretical  solution  Is  derived  for 
the  problem  of  determining  an  airfoil 
shape  which  would  provide  the  least  mean 
heat  emission  ooefflolent  for  a  given 
lift.  It  is  assumed  that  the  airfoil 
Is  thin,  that  both  the  top  and  the  bottom 
surfaces  are  heat  Insulated,  and  that 
the  boundary  layer  Is  either  fully 
laminar  or  turbulent?. 


507.  Kudryashev,  L.  I.,  and  V.  K,  Lyakov.  Tha 
Influence  of  longitudinal  nonlsotherml- 
city  on  haac-tranafar  coefficient. 


It AN  MeMt 
no.  6 
37-41 


I  tVUZ,  AvT 
no.  1 
27-37 


IzVUZ,  AvT 

no.  2 
17-25 


IzVUZ,  AvT 
no.  4 
104-110 


Tha  problem  of  finding  ch«  heat-transfer 
eoofflclont  la  cho  case  of  a  turbulent 
flow  la  hydraulically  smooth  coadulta  waa 
vaduead  to  determining  a  system  of  dlf- 
faraatlal  equations  of  tha  bouadary  sub¬ 
layer.  Tha  heat-transfer  coafflclaat  waa 
computed  thaoratlcally  for  large  longltu- 
dlaal  aonlsothermlelty ,  and  tha  fuactloaal 
fora  of  tha  correctlon-f actor  aquation  la 
found  oa  tha  basis  of  a  turbulant  heat- 
tranafar  modal.  It  la  ahovn  experlmen- 
tally  that  If  phyalcal  paranatara  ara  da¬ 
ta  rmlaad  at  tha  aaaa  taaparatura  of  tha 
flov,  than  tha  axparlmantal  data  ara  boat 
generalised  la  tha  fora  of  an  aquation  of 
tha  dlmanalonlaaa  taaparatura  in  functlona 
of  Reynolds  and  Prandtl  numbers  and  tha 
quotlant  of  tha  length  ard  d lama tar  of  tha 
tuba.  Tha  generallsatlr  of  axparlmantal 
data  according  to  tha  axiating  formula, 
with  tha  corractlon  facto-  takan  Into  ac¬ 
count,  requires  tha  lnt.  action  of  tha 
actual  maan  temperature  gradient  and  com¬ 
plicates  tha  procedure.  A  simple  method 
for  practical  evaluation  of  tha  Influence 
of  longitudinal  nonlsothermlclty  Is  given. 


508.  Fedorov,  I.  G. ,  V.  K.  Shchulln,  G.  A.  Huk-  IxVUZ,  AvT 

hachav,  and  N,  S.  Idlatulln.  Heat  transfer  no.  4 
and  hydraulic  resistance  in  laminar  conduits  120-127 
consisting  of  two  0.5-mm  steel  sheets,  main¬ 
tained  at  a  distance  of  2.5  mm  by  projec¬ 
tions  6.5  mm  In  diameter  produced  by  stamp¬ 
ing  with  apharlcal  dies.  Thus,  a  channeled 
or  checkered  pattern  was  formed.  Four  dif¬ 
ferent  samples  were  tested  In  18  to  20  re¬ 
gimes  determined  by  air  consumption  In  the 
range  of  Reynolds  numbers  from  500  to  18,000. 

The  results  obtained  are  presented  graphic¬ 
ally  with  the  Nusselt  number  and  hydraulic 
resistance  as  functions  of  the  Reynolds 
number. 


509,  Gribkova,  S.  I.,  and  L.  S.  Shtemenko.  (In-  Konf.  Tp 

stltute  of  Heat  and  Maes  Transfer,  Acad-  Mas 

any  of  Sciences  BSSR).  An  experimental 
Investigation  of  slip  and  temperature  jump 
In  a  flow  of  rarlf led  air  around  a  solid 
wall. 
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Translstlon:  by  ATD ,  Library  o If  Congress, 
Report  No.  T-63-64 

The  following  papers  vara  praaantad  at  tha 
Confaranea  of  Haat  and  Kaaa  Exchange  spon- 
aorad  by  tha  Belorussian  Academy  of  Edu¬ 
cation  USSR,  tha  Academy  of  Construction 
and  Architecture  USSR,  and  tha  Institute 
of  Mechanics  (Academy  of  Sciences  USSR). 
This  conference  was  held  la  Minsk  In  June 
1961. 


510.  Kudryashev,  L.  I.,  and  V.  A.  Dxarul’skly  Konf.  Tp 

(Kuybyshev  Aviation  Institute).  Demon-  Mao 

strating  the  existence  of  heat  regular-  Minsk.  1961 

Ity  In  a  boundary  layer  with  Internal 
problem  conditions. 

Translation:  by  ATD,  Library  of  Congress, 

Report  No.  T-63-70 

Printed  in  rototype  at  the  Institute  of 
Scisntlfic-Tachnlcal  Information  and 
Propaganda.  Council  of  the  National 
Economy  BSSR. 


511. 


Perel'man,  T.  S,  (Powar  Institute,  Academy  Konf.  Tp 

of  Sciences  BSSR,  Minsk).  Heet  exchange  Mas 

In  the  laminar  boundary  layer  during  flows  Minsk.  1961 
around  a  plate  with  internal  sources. 


Translation:  by  ATD,  Library  of  Congress 
Report  No.  T-63-74 


512.  Sovershennyy ,  V.  D. ,  and  G.  A.  Tlrskly.  (Cen-  Konf.  Tp 
tral  Institute  of  Aviation  Motors,  Moscow).  Mas 
Sublimation  of  a  solid  In  the  vicinity  of  a  Minsk.  1961 
critlcsl  point  In  plane  and  axlsymmetrlc 
gas  flows. 

Translation:  by  ATD,  Library  of  Congress, 

Report  No.  T-63-68 
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Popov,  N.  A.,  and  V.  I.  Rakhovskly  (All-Union  Konf.  Tp 
Electrical  Inatltuta).  Tha  problem  of  ear-  Maa 
•at  depletion  by  highly  volatile  components  Minsk.  1961 
during  hasting  In  a  vacuun. 

Translation i  by  aTD,  Library  of  Coagrees, 

Report  !•«  T-13-72 


Tsoy,  ?•  V.  (Dushanbe  Polytechnleal  Institute). 
Analytleal  solutions  of  a  system  of  heat 
and  nass  exchange  aquations  for  a  semlfl- 
nlta  nedlun  under  various  boundary  con¬ 
ditions. 

Translation!  by  ATD,  Library  of  Congress, 
Report  No.  T-63-65. 


Vulls,  I>.  A.,  T.  P.  Leont'yava,  I.  B.  Palat-  Konf.  Tp 

nlk,  Z.  B.  Saklpov,  and  B.  P.  Ustlnenko.  Mas 

(Fewer  Institute,  Academy  of  Sciences,  Minsk.  1961 

KasSSR).  Transfer  processes  in  a  free 
(Jet)  turbulent  boundary  layer. 

Translation!  by  ATD,  Library  of  Congress, 

Report  No.  T-63-73. 


1961 

Konf.Tp 

Mas 

Minsk.  1961 


Zhukauskas,  A.  A.,  V.  Z.  Makarlavlchus ,  and  Konf.  Tp 
A,  A.  Shlanehyauskas  (Institute  of  Pover  Maa 

and  Electrical  Engineering,  Kaunas).  The  Minsk.  1961 
problen  of  the  emission  of  heat  In  smooth 
pipe  bundles  In  crossflow  liquids. 

Translation!  by  ATD,  Library  of  Congress, 

Report  No.  T-63-69 


Lapin,  Yu.  V.  Hast  transfer  In 
boundary  layer. 

Heat  transfer  In  a  turbulent 
In  a  supersonic  gas  flow  with 


a  turbulent  LPol  GITr 

no.  217 
27-36 

boundary  layer 
a  moderate 


518. 


519. 


pressure  gradient  and  nonuni  form  temperature 
dlatrlbuclon  at  tha  wall  la  determined  by 
Karmen's  semiempiri cal  theory.  Tha  temper- 
atura  rang*  investigated  it  that  in  which 
tha  Prandti  number  and  apaclfle  haat  capa¬ 
city  nay  ba  considered  as  constants  inde- 
pendent  of  tampsratura.  Solution  of  the 
momentum  integral  aquation  and  calculation 
of  the  haat  transfar  on  tha  basis  of  a 
Reynolds  analogy  ara  prasentad.  A  numeri¬ 
cal  example  of  calculating  the  heat  trans¬ 
fer  and  the  akin  friction  on  a  wing  air¬ 
foil  in  a  supersonic  flow  (flight  alti¬ 
tude  20  km  at  M„«6;  TW-700*K)  is  given. 


Tirakly,  G.  A,  (Moscow).  Conditions  on  the 
surface  of  a  strong  discontinuity  in  multi- 
component  mixtures. 

An  analysis  of  tha  conditions  on  the  sur¬ 
face  of  a  strong  discontinuity  in  multi¬ 
component  mixtures  is  presented.  Rela¬ 
tions  are  derived  for  viscous  heat  con¬ 
ducting  multicomponent  mixtures,  taking 
into  account  the  effect  of  thermal  dif¬ 
fusion.  An  approximation  of  the  boundary- 
layer  theory  is  used  to  derive  relations 
valid  on  the  surface  of  discontinuity 
(density,  pressure,  particle  velocity, 
temperature,  and  composition).  Flow  past 
a  porous  flat  plate,  allowing  for  the 
evaporation  of  the  liquid  film,  as  well 
as  the  case  of  a  uniform  gas  flow  past  a 
sublimating  wall  are  discussed  as  examples. 


Pashohenko,  N.  T.  Some  asrothermodynamio 
problems  associated  with  a  free-moleoule 
flow  pattern. 

In  investigating  the  heat  supply  in  rare¬ 
fied  gases  the  temperature  of  a  slender 
body  in  a  tranelatory  motion  aooompanled 
by  small  transient  motions  (for  example, 
oscillation)  in  oases  of  convective  and 
radiative  heat  exchange  is  determined  as 
a  function  of  time,  looal  angle  of  attack, 
velocity,  surfaoe  characteristics,  and 
thermodynamic  parameters  of  the  medium 
at  high  altitudes. 


FMKo 

v,  25,  no.  2 
196-206 


prate 

v.  25#  no.  6 
1132-1138 
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52^. 


Drushlnln,  S.  A*  Calculation  of  lntamal  Taploener- 
boat  exchange  during  poroua  cooling.  gatiba 

v.  I,  no.  9 

A  natbod  la  praaantad  for  experimental  73-77 
study  of  tbo  internal  boat  exchange  la 
poroua  iiotola  boatod  by  blgh-fraquaacy 
current a.  Toata  performed  on  two  air 
cooled  atalaloaa  a teal  apaelnona  with 
301  Mi  SOX  poroalty  are  doacrlbad. 


521.  laehkin,  V.  A,,  and  Ya.  Ya.  Solodkln.  On 

datorolnlag  tha  haat  transfer  coefficient. 

Convective  beat  transfer  between  body  and 
gas  in  high  hypersonic  flows  (up  to  M-20) 
with  boundary  layer  tenperatures  over 
20000K  lo  discussed. 

Tbe  specific  haat  flux  with  a  taro  pressure 
grsdlent  in  flow  direction  in  cases  of  a 
constant  and  longitudinally  variable  surface 
teuparature  is  determined,  taklna  into 
account  the  dependence  of  thermodynamic 
functions  and  transfer  coefficients  on  the 
temperature.  The  case  when  both  the  pres¬ 
sure  gradient  and  the  temperature  vary  along 
tbe  body  surface  is  also  briefly  discussed. 
The  application  of  results  obtained  to  a 
turbulent  boundary  layer  and  to  determining 
the  heat  transfer  coefficients  from  experi¬ 
mental  data  is  explained. 


ZhPMeMF 
no.  3 
16-24 


522.  Marcnov.  A.  E.  (Institute  of  Mechanics.  ZhTF 

Academy  of  Sciences  USSR).  An  Investl-  v.  31.  no.  9 

gatlon  of  the  heat  exchange  in  super-  1001-1011 

aonlc  gas  streams  flowing  through  a 
probe  with  a  laminar  boundary  layer. 

The  local  heat  transfer  coefficients  in 
a  supersonic  flow  of  sir  through  a  cylin¬ 
drical  tube  of  constant  cross  section  and 
a  laminar  boundary  layer  were  determined 
experimentally.  It  was  found  that  the  gas 
flow  cannot  be  stabilised  over  the  given 
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tuba  length,  with  the  result  that  tha 
beat  transfer  coafflelants  ara  variable, 
decreasing  from  tha  baglaalng  of  tha  tuba 
toward  Ita  aad  to  tha  critical  value  of 
tha  parameter  Re.,  referred  to  tha  laagth 
of  tho  tuba. 


Lapin,  Yu.  V.  (Leningrad  Poly  technical  In¬ 
stitute).  Mass-heat  transfer  In  turbulent, 
compressible  flow  with  tha  addition  of 
foreign  matter. 

A  tentative  aatlaate  of  tha  effect  of  the 
presence  of  a  laminar  flow  along  a  surface 
Pr^Sc^l.  Is  obtained.  The  methods  de¬ 
scribed  were  baaed  on  tha  assumption  that 
tha  mean  values  of  tha  numbers  Pr  and  Sc 
are  constant  throughout  the  laminar  sub¬ 
layer.  Calculations  are  presented  for 
cases  In  which  air  and  helium  ara  used 
as  coolants.  The  general  conclusion  is 
that  whan  tha  coolant  la  a  light  gas,  tha 
amount  by  which  tha  Prandtl  and  Schmidt 
numbers  differ  from  unity  must  be  taken 
Into  account. 


Kobanskly,  P.  H.  Forced  flow  heat  transfer 
from  a  heat  exchange  surface  with  a  reso¬ 
nance  system  In  tha  wall, 

Tha  affect  of  secondary  streams  generated 
by  a  resonance  system  on  heat  exchange  In 
forced  convection  Is  analysed.  Equations 
are  obtained  for  computing  the  heat  trans¬ 
fer  coefficient  under  these  conditions. 

The  reaults  of  the  theoretical  calculations 
and  experimental  observations  were  compared 
and  showed  satisfactory  agreement.  On  the 
basis  of  this  comparison,  the  physical  ef¬ 
fects  observed  on  surfaces  with  resonance 
systems  in  the  walls  ere  given  a  more 
accurate  description.  Limits  are  found  for 
the  maximum  possible  intensification  of  the 
heat  transfer  process  by  the  given  method. 


ZhTF 

v.  31,  no 
1393-1406 


1962 
Ax  in 
v.  7 
313-319 


525.  Made J ski,  J.  Tha  thermal  laminar  boundary  Areh  Ha ST 

layer  at  high  velocities,  v.  14,  no,  6 

•45-873 

Heat  tranafar  In  a  hlgh-veloclty  fluid 
flam  over  a  flat  plata  with  constant 
temperature  la  analysed.  The  laminar 
boundary  layer  aquations  are  intearated 
to  yield  two  aquations  which  can  be  used 
to  determine  the  thickness  of  both  the 
thermal  and  the  hydrodynamic  boundary 
layers.  These  aquations  can  also  be 
used  la  case  of  variable  wall  temper¬ 
atures  (Insulated  surfaces) . 


526,  Bronskly,  L,  N.,  and  0.  N.  Kastelln  (Power  InFZh 

'•  Engineering  Institute,  Moscow).  Heat  v,  3,  no.  4 

tranafar  on  rough  and  smooth  bodies  In  133*140 

supersonic  flow. 

Test  results  are  presented  on  Investigation 
of  heat  tranafe?  In  axlsymmetrlcal  plane, 
spherical,  and  ellipsoidal  models  with 
smooth  and  rough  surfaces  In  supersonic 
(up  to  M-2.77)  hlgh-temparature  (up  to 
420*C)  jeta. 


527.  Kastelln,  0.  N.,  and  L.  N,  Bronskly  (Power  Enl  AN  SSSR 

Engineering  Institute,  Moscow).  Heating  233-238 

of  the  front  part  of  blunt  bodies  in  super¬ 
sonic  flow. 

Two  methods  were  used  to  investigate  the 
heat  transfer  from  a  gas  to  blunt  axlsym- 
matrlcal  bodies  In  the  vicinity  of  the 
stagnation  points  the  exponential  method 
and  the  method  of  surface  points. 


528.  Polyakov,  Yu,  A.  A  thln-fllm  transducer  Enl  AN  SSSR 

for  studying  heat  transfer  in  dissociated  231-260 

gas  flow. 

A  resistance  thermometer  consisting  of  a 
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2mm  wide  P t  film  0.1  u  thick  deposited  on 
tha  apharlcal  and  of  a  glass  tuba  <11  B a  in 
diameter)  was  prepared  by  sintering,  after 
coating  tha  tuba  with  a  paata  containing 
ehlorop latlnlc  acid,  Tha  film  van  connactad 
to  Pt  vires  lnalda  tha  tuba  and  mounted  at 
tha  atagnatlon  point  of  an  axlsyaaatrlc 
blunt  body,  Experiments  at  M»4  to  12 
vara  conducted  In  a  ahock  tuba  50  rrtn  in 
dlaaatar  and  4,5  m  long  to  atudy  tha  un¬ 
steady  heat  ttanafar  batvaan  tha  nodal 
and  a  shock  vara  propagating  In  air. 


529.  Yaryshev,  N,  A,  (Institute  of  Precision 

Mechanics  and  Optics,  Leningrad),  Cri¬ 
teria  of  Irregularity  of  temperature  dis¬ 
tribution  and  coefficients  of  tha  shapes 
of  bodies  In  a  regular  second-order  regime, 

Tha  results  of  a  study  of  nonunl f oralty 
of  the  taaparatura  distribution  and  de¬ 
termination  of  tha  %coaf f lclanta  of  body 
shape  In  tha  case  of  homogeneous  Iso¬ 
tropic  bodies  in  a  regular,  second-order 
regime  are  preaentad.  This  regime  re¬ 
presente  heat  exchange  between  a  body,  or 
a  system  of  bodies,  and  the  surrounding 
medium  whose  temperature  varies  with 
time  at  a  constant  rate. 


530,  K°*hmatov,  Yu,  A.  Turbulent  flow  of  an  In¬ 
compressible  fluid  In  the  gap  between  ro¬ 
tating  coaxial  cylinders. 

A  theoretical  study  was  mada  of  the  hydro¬ 
dynamics  and  heat  transfer  of  a  perfectly 
turbulent  flow  In  the  annular  channel  (gap) 
formed  by  two  coaxial  cylinders  rotating 
with  respect  to  one  another,  '  The  gap  Is 
assumed  co  be  small  compared  with  the  radii 
of  the  cylinders.  Both  the  axial  and  tan¬ 
gential  velocity  profiles  are  calculated 
and  the  turbulent  viscosity  coefficient 
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established  fro«  tbs  result*.  The  thick¬ 
ness  of  the  laminar  subleyers  is  deter¬ 
mined  from  the  velue  of  the  totel  ten-* 
gmmtisl  stress  on  the  veil.  Formulas  ob¬ 
tained  for  the  coefficients  of  axial 
flrietien  ere  ahovn  to  be  in  good  agree¬ 
ment  with  experimental  data.  The  coeffi¬ 
cient  of  heat  transfer  is  dstermined  from 
the  oalculated  temperature  profile  in  the 
turbulent  part  of  the  flow. 


531.  Shul*man,  Z.  P.  (Power  Engineering  Insti-  XnFZh 

tute,  Academy  of  Sciences.  BSSR).  Laminar  v.  5,  no.  5 
boundary  layer  with  heat  and  mass  transfer.  102-104 

An  empirical  formula  is  given  for  calcula¬ 
ting  heat  transfer  in  a  slightly  curved  body 
of  arbitrary  shape  when  in  a  flow  of  an 
incompressible  binary  mixture,  mass 
transfer  of  various  substances  takes 
place  through  the  walls  into  the  laminar 
boundary  layer. 


532.  Chaplina,  A.  I.  (Power  Engineering  Institute,  InFZh 

Academy  of  Sciences  BSSR,  Minsk).  An  ex-  v.  5,  no.  7 

perlmentel  Investigation  of  heat  exchange  34-38 
of  a  longitudinally  streamlined  plate. 

Local  heat  transfer  between  a  plate  and  a 
longitudinally  forced  turbulent  air  flow 
vac  investigated  experimentally.  An  ex- 
praaalor.  waa  derived  which  shows  that  tha 
ratio  of  tha  aaan  haat  transfar  coafficiant 
at  tha  and  of  tha  plata  is  indapandsnt  of 
tha  straam  velocity  and  that  tha  dapandanea 
of  tha  mean  heat  transfer  coefficient  upon 
the  stream  velocity  is  analogous  to  that 
of  the  local  heat  transfer  coefficient. 


533.  Fdysk,  C.  L. ,  and  V.  N.  Adrianov  (Moscow  InFZh 

Power  Engineering  Institute).  The  algebra  v.  5,  no.  7 
of  radiant  axchange  flows.  70-77 
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A  system  of  equations  was  derived  for  cal¬ 
culating  the  radiant  exchange  in  arbitrary 
systems  of  nonblack  bodies.  The  analysis 
is  based  on  formulas  which  express  the 
general  properties  of  the  resolving  fluxes 
in  radiant  exchange. 


534,  Kosterln,  S.  I.,  and  Yu.  P.  Mnat'yev  (In-  InFZh 

stltuta  of  Mechanics,  Academy  of  Sciences  v.  5t  no.  8 
USSR t  Moscow).  Heat  transfer  in  a  turbu-  3-9 
lent  air  flow  between  rotating  coaxial 
cylinders . 

Heat  transfer  from  a  stationary,  electri¬ 
cally  heated  outer  cylinder  to  a  rotating 
coaxial  inner  cylinder  was  measured  as  a 
function  of  the  rotation  speed  and  the 
rate  of  air  flow  through  the  annulus  be¬ 
tween  the  cylinders.  Equations  ere  de¬ 
rived  for  celculetlon  of  1)  heat  transfer 
between  the  cylinders,  and  2)  tha  tran- 
altion  from  pura  turbulant  flow  to  a  tur - 
bulant  flow  involving  strong  vortlcas. 


535.  Bukhvols tov ,  A.  P. ,  and  V.  Ya.  Frenkel'.  InFZh 

Tamparatura  distribution  ovar  plataa  ra-  v.  5,  no.  8 
dinting  haat  in  vacuum.  78-80 

Tha  tharmal  bahavior  of  circular,  rectan¬ 
gular,  and  square  plates  with  s  given  con¬ 
stant  contour  temperature  during  cooling 
by  haat  radiation  in  vacuum  is  analysed 
mathematically.  Expressions  are  derived 
which  chow  the  interrelationships  among 
the  contour  temperature,  the  minimum 
temperature  on  the  surface,  the  geomet¬ 
rical  parameters  of  tha  plate,  and  tha 
physical  characteristics  of  the  plate 
material. 
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536,  Hironov,  V.  P.  (Power  Engineering  Institute,  XnPZh 

Academy  of  Science*  BSSR;  Poly technical  v.  5,  no,  10 
Institute,  BSSR)  •  Heat  and  mass  transfer  9-12 
f ran  bodies  to  a  flow  of  air, 

Beat  and  mass  transfer  of  various  bodies 
(sphere,  cone,  disk,  and  cylinder)  In  a 
steady  turbulent  flow  and  In  a  pulsating 
flow  have  bean  experimentally  Investi¬ 
gated  in  a  wind  tunnel.  Results  were  ob¬ 
tained  in  terms  of  Nusselt  criteria*  re¬ 
lations. 


537,  Mmkhln,  V,  A.,  A.  S.  Sukorael,  and  V.  I.  InPZh 

Veluko  (Moscow  Power  Engineering  Xnstl-  v,  5,  no.  11 

tuts).  Heat  transfer  in  supersonic  gas  3-7 

flow  through  a  tube  with  large  tempera¬ 
ture  gradients. 

Local  heat  transfer  coefficients  and  heat 
fluxes  war*  measured  during  cooling  of  air 
by  water  in  a  brass  tube.  Xt  was  shown 
that  the  adiabatic  wall  temperature  ratio 
which  varied  from  1  to  3.1  did  not  affect 
the  Nusselt  number  under  the  conditions 
studied.  The  study  was  made  at  the  Power 
Engineering  Institute  lmeni  G.  M.  Krxhix- 
hanovskiy.  Academy  of  Sciences  USSR, 


538,  Danilov,  Yu.  I.,  and  B.  M.  Galitseyekiy  (Mos-  '  InPZh 

cow  Aviation  Institute).  Gas  motion  in  v.  3,  no.  11 

s  straight  duct  with  friction  and  heat  8-11 

trans  far. 

An  exact  solution  was  obtained  for  a  gas 
dynamics  equation  describing  the  motion 
of  a  gas  in  a  straight  duct  with  simul¬ 
taneous  friction  and  heat  transfer,  under 
the  assumptions  that  the  friction  co¬ 
efficient  is  constant  and  that  the  tem¬ 
peratures  change  linearly  along  the  duct. 

The  study  was  made  at  the  Moscow  Aviation 
Institute  imenl  S.  Ordshonlkldse. 
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539*  Roatarin,  S.  I.,  Yu.  A.  Kcshmarov,  and  Yu. 

V.  Oalpov.  Invaa tlgatlon  of  raraflad- 
gaa  flow  and  haat  axchanga  In  a  flat  su- 
paraonle  notila. 

Haat  axchanga  and  frictional  raalatenca 
In  air  ara  lnvastlgated  in  alx  nozslas  for 
/Ro/M  *  5  to  SO.  Raaulta  ara  dlacuaaad 
and  ahovn  In  graphs. 


5*10.  Koshmarov,  Yu,  A.  Haat  tranafar  In  a  tur- 
bulant  boundary  layer. 

An  experimental  study  of  haat  transfer  in 
a  turbulent  boundary  layer  of  a  supersonic 
flow  of  a  compressible  gas  with  negative 
longitudinal  pressure  gradients  ia  presented 
together  with  a  simple  method  for  calcu¬ 
lating  the  heat-transfer  coefficient  in  the 
turbulent  boundary  layer  of  a  compressible 
gas.  The  results  are  applicable  to  heat- 
transfer  calculations  in  supersonic  nossles. 


5**1.  Bronshten,  V.  A,  On  ionization  and  re¬ 
combination  processes  in  hot  air. 

Ionization  of  air  atoms  behind  very  strong 
shock  waves  (such  as  are  formed  behind 
Meteorites  passing  through  the  atmosphere) 
and  recombination  are  discussed  for  hydro¬ 
gen-like  and  compound  atoms  and  ions.  The 
ionization  and  recombination  coefficients 
are  determined. 


5 il2 .  Koste?ia,  S.  X..  Yu,  A,  Koshmarov,  and  N.  M. 
Gorskaya.  Experimsntal  investigation  of 
haat  tranafar  on  a  flat  plats  in  a  aupar- 
sonic  flow  of  raraflad  gaa. 

Tha  tamparatura  and  averaga  haat  tranafar 
coafflclantt  of  a  plate  ara  measured  in 
a  auparsonlc  flow  at  a  saro  angla  of  attack 
at  M  •  2.6  to  3*2  and  Ra  -  20  to  240. 
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5113.  U..  and  V.  Ye.  Chekalin.  Con- 

vietlvt  heat  transfer  in  supersonic  con¬ 
ical  nosslas. 

Heat  tranafar  was  atudled  experimen tally 
la  a  specially  designed  apparatus.  Tha 
taatf  vara  conducted  at  4  to  5  atm,  695 
to  795*K,  and  a  noaala-outlat  velocity  of 
M  *  Si 


544.  Artamonov,  K.  1.,  and  1.  G.  Krutikova.  Thar- 
aoacouatlc  instability  of  an  inhomogeneous 

gas  flow. 

Self-axeitad  oscillations  in  a  one-diman- 
sional  uniform  gas  flow  with  evenly  dis¬ 
tributed  internal  heat  sources  are  dis¬ 
cussed  for  tha  cases  of  constant  and  vari¬ 
able  temperature  gradients.  In  tha  first 
case,  the  flow  is  steady;  in  the  second 
case,  self-sustained  oscillations  occur 
due  to  interaction  of  the  pressure  and 
entropy  waves. 


Litvin-Sedoy ,  M.  Z.  Limitation  of  oscil¬ 
lations  in  aircraft  autopilot  systems. 

An  analytical  method  is  presented  for 
deriving  a  linoar  system  control  law  for 
producing  the  desired  limitation  of  con¬ 
trolling  coordinates  when  disturbed  mo¬ 
tions  are  caused  by  specific  instanta¬ 
neous  initial  deviations  of  variable 
systems.  The  above  is  related  to  air¬ 
craft-autopilot  systems,  in  which  a 
specific  restriction  of  oscillations  of 
disturbad  motion  and  maintenance  of 
asymptotic  stability  of  the  motion  are 
required.  The  method  is  based  on  eval¬ 
uating  the  maximum  value  of  the  solu¬ 
tion  of  a  steady  linear  homogeneous  dif¬ 
ferential  equation  with  constant  coef¬ 
ficients  at  given  initial  conditions. 
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ct,6  Yah,  T'len-oh'l.  Determining  unsteady 
7  *  temperature  fields  In  structures  In 

transient  flight  regimes  with  regard 
to  thermal  radiation. 

The  generation  of  unsteady  temperature 
fields  In  alroraft  structures  by  kinetic 
heating  at  high  altitudes  and  large  Mach 
numbers  Is  disoussed,  taking  account  of 
heat  radiation.  An  approximate  finite- 
difference  procedure,  convenient  for 
practical  calculations,  is  used.  Results 
of  a  sample  calculation  for  a  steel  alr¬ 
oraft  in  accelerated  flight  (from  M  »  2 
to  M  -  5  in  90  Beo)  at  1500  m  altitude 
are  pz,esented. 


5*4  7.  Yasinskiy,  P.  G.  Analysis  of  heat  flow 
through  a  three-layer  plate. 

Heat  flow  through  an  infinite  plate 
consisting  of  a  metallic  sheet  with  a 
heat-resistant  (for  example,  ceramic) 
coating  on  its  outer  surface  and  an 
Insulating  ooatlng  (for  example,  fiber¬ 
glass)  on  its  inner  surface  was  studied 
without  considering  heat  radiation.  The 
cumbersome  formulas  obtained  can  be 
simplified  for  given  heat  capacities  of 
layers. 


5**8.  Dolomanov,  Ye.  G.  Inversion  phenomena  In 
supersonic  flows  of  reel  gases. 

It  is  shown  that  impact  temperature  inver¬ 
sion  must  occur  In  compression  shocks;  in¬ 
correct  results  are  possible  if  this  fact 
is  not  taken  Into  account  in  calculating 
the  deceleration  temperature  behind  the 
pressure  shock  in  real  gases. 


5 h 9 *  Kudryashchev,  L.  I.,  and  I.  A.  Gusev.  The 

effect  of  nonstationary  pulsating  gas  flow 
on  heat-transfer  characteristics. 
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An  analytical  and  experimental  study  haa 
bean  conducted  on  the  efface  of  unsteady 
pulsating  gaa  flow  around  a  body  on  heat 
tranefer.  The  effect  of  flow  velocity  and 
of  the  amplitude  and  frequency  of  pulsa¬ 
tion  was  examined*  The  used  equipment 
and  investigation  method  are  described, 
end  results  are  discussed  in  detail. 


550.  Suksov,  I.  1.  An  approximate  method  for  ^zVUZ 

calculation  of  steady  high-temperature  ho. 

gas  flow.  159- 

A  study  has  been  made  of  a  high-temper- 
ature  gaa  flow  in  the  presence  of  dis¬ 
sociation  and  ionisation.  Equations  of 
a  steady  flow  with  heat  transfer  are 
derived,  an  approximate  grapho-analy tical 
method  is  developed,  and  the  effect  of 
luminosity  is  discussed  in  detail.  For 
evaluation  of  the  combined  effect  of 
invective  heat  transfer,  luminosity, 
and  friction,  a  numerical  example  of 
a  turbulent  lsentroplc  flow  is  given. 


551.  Ailshaev,  M  G.  (Moscow).  Forced  convection 
of  a  viscous  compressible  gas  near  the 
heat  source. 

Forced  convection  in  the  neighborhood  of 
a  heat  source  placed  in  a  homogeneous  flow 
of  a  viscous,  heat  conducting  gas  is  studied. 
The  approximate  boundary  layer  theory  is 
used,  and  it  is  shown  that  the  problem  can 
be  reduced  to  the  corresponding  problem 
for  Incompressible  fluids  by  means  of  the 
Dorodnltsyn  transformation,  if  the  tem¬ 
perature  dependence  of  viscosity  is  con¬ 
sidered  in  the  form  given  by  Chapman- 
Rubesin,  and  if  the  Prandtl  number  is 
taken  as  a  constant. 
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552,  Zarubir.,  V.  S.  Calculation  of  temperatures  Voproty 

*  In  two-layer  natal  plates.  Mekhaniki,  Sb. 

127-137 

Tha  unsteady  heat  transfer  aquation  for 
a  vail  consisting  of  tvo  natal  plates 
and  an  Intsrnadiata  layer  of  Insulating 
aatarlal  Is  solved  by  neans  of  Laplace 
transfonaatlons  to  yield  a  space-tine 
relationship  for  the  veil  temperatures. 


553.Petrashltskly ,  C.  B. ,  end  V.  Z.  Poleshayev.  Teploenerge tike 

An  engineering  method  for  calculating  v.  9.  no.  2 

nonstationary  processes  of  heat  con-  73-76 

ductlvlty  in  thin  nultilayer  walls. 

Derivation  of  a  solution  to  the  one- 
dimensional  heat  transfer  equation  with 
third-order  boundary  conditions  is  ob¬ 
tained.  The  solution  method  is  illus¬ 
trated,  and  results  are  presented  for 
the  case  of  heat  transfer  in  thin, 
laminated  plates. 


Fedorov,  I.  G. ,  N.  S. %Idlatuf fin ,  V.  K. 
Shchukin,  and  G.  A.  Mukhachev  (Kazan' 
Aviation  Institute).  Heat  transfer  and 
hydraulic  resistance  of  slit  channels 
with  a  checkered  distribution  of  conical 
indentations • 

Experimental  investigation  of  heat-exchange 
slit  channels  is  presented.  Equations  are 
given  for  the  evaluation  of  heat  exchange 
over  the  range  Re  -  750  to  18,000  and  for 
hydraulic  resistance  over  the  range  Re  -  750 
to  20,000. 


Teploener- 
getlka 
v.  9,  no.  6 
57-60 


555,  Bulyeyev,  N.  N.  A  theoretical  model  me-  Teploperedachs 

chanlsm  for  turbulent  transfer  in  fluid  6H-97 

flow. 

The  proposed  three-dimensional  heat-  and 
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mass-transfer  model  1*  based  on  tho  use 
of  nins-coaponent  turbulent  stress  voetort 
for  *nd  hoot  transfer.  Tho  velocity 

profllo  in  a  roctongulor  duct  At  o  given 
diotonco  from  tho  inlot  section,  and  tho 
velocity  end  temperature  profiloo  in  o 
tube  wore  do  to rained  on  tho  boo it  of  tho 
aodol • 


556. Port- cSilkcv,  V.  B.  Temperature  of  the  leading 
edge  of  a  plate  In  aerodynamic  heating. 

The  laminar  boundary  layer  in  a  steady 
ooapressible  gas  flow  past  a  semi-infinite 
thin  plate  Is  discussed  and  the  time 
dependence  of  the  temperature  of  the  lead¬ 
ing  edge  is  analyzed,  taking  ao count  of 
heat  flow  through  the  leading  edge. 


VeMoU  MMe 

no.  1 
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55  7#  Rumynkkiy,  A.  M.  (Moo  cow).  The  effect  of  ZhPMeTF 

diffusion  of  rodiont  components  on  con-  no.  2 

voctive  hoot  exchange.  50-58 

GAs-dynomic  hypersonic-flow  parameters  of 
the  boundary  layer  in  the  region  of  the 
forward  stagnation  point  of  an  axi- 
symmet rical  blunt  body  are  analyzed  with 
regard  to  diffusion  effects,  and  libera¬ 
tion  of  heat-radiating  gas  from  the  body 
surface.  The  energy  equation  is  used  to 
derive  formulas  for  determining  the  pa¬ 
rameters  of  convective  heat  transfer  in 
the  vicinity  of  the  stagnation  point. 


558.  Kaganov,  M.  A.,  and  Yu.  L.  Rozenshtok.  On  ZhPMeTF 

the  temperature  of  bodies  in  a  medium  no.  3 

with  pul Bating  heat  emission  and  temper-  90-92 

ature. 

The  temperature  fields  in  an  infinite 
cylinder  and  a  sphere  placed  in  a  medium 
with  harmonically  varying  temperature  and 
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heat  emlBBion  are  discussed,  taking  account 
of  fluctuations  In  their  amplitudes  and 
mutual  phase  shift. 


b5(J .  Onufriyev,  A.  T.  An  approximate  study  of 
the  problem  of  flow  of  a  radiating  gas 
about  a  plate  of  finita  length. 

It  is  demonstrated,  by  using  a  flat  plate 
as  an  example,  that  the  heat  flow  to  n  body 
In  a  stream  of  high-temperature  gas  depends 
on  the  ratio  of  the  radiation  period  to  the 
dimensions  of  the  body. 


‘vbo .  Vaulin,  Ye.  P.,  and  N.  N.  Ovozdkov.  On 

diffusion  cooling  of  a  porous  plate  in  a 
gas-dynamic  flow  by  injection  of  fluid 
with  physicochemical  reactions  into  the 
lam  Lair  boundary  layer. 

The  process  of  heat  exchange  in  a  porous 
plate  with  injected  fluid  is  examined, 
and  the  laminar-boundary  equations  are 
analyzed,  talcing  into  account  the  physico¬ 
chemical  transformations  and  diffusion  of 
reaction  products  and  evaporation  into 
the  gas  flow. 


b6l.  Grishin,  A.  M. ,  end  0.  M.  Todes  (Seretov 
Po ly te chnl ca 1  Institute).  Thermal  ex¬ 
plosion  in  the  presence  of  heat  transfer 
by  convection  end  conduction. 

A  theoretical  analysis  was  made  to  estab¬ 
lish  tha  accuracy  and  applicability  of  the 
formula  previously  darivad  by  tha  author 
aa  a  crltsrlon  for  thermal  explosion  on 
the  aasumption  that  heat  removal  takas 
place  by  convection  only. 
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562.  Kotulcvioh,  V,  P,  Turbulent  heat  and  mass  inPZh 

exchange  on  a  plate  with  suction  or  v,  6,  no.  1 

injection  of  various  gases.  3-13 

A  theoretical  analysis  of  the  effect  of 
•uotlon  or  injection  of  various  gases 
through  a  porous  plate  in  a  gas  flow  on 
the  heat  exchange  and  friction  in  the 
turbulent  boundary  layer  is  presented. 


563.  Romanenko,  P.  N. ,  and  %V.  N.  Kharchenko. 

Effects  of  transverse  mass  flow  on  drag 
and  heat  exohange  in  turbulent  compres¬ 
sible  gas  flow. 

Experimental  data  on  the  effects  of  in¬ 
jection  of  various  gases  (air,  helium, 
carbon  dioxide,  and  freon-12)  through  a 
heated  porous  plate  into  a  turbulent 
boundary  layer  of  hot  air  (450  to  550 °K) 
on  heat  exohange  and  drag  are  presented. 
Potential  flow  velocity  was  25_to  75  m/seo, 
Reynolds  numbers  105  to  5  x  10* . 


56b,  Motulevich,  V.  P.  The  effect  of  removal  or  InFZh 

Injection  of  substances  through  porous  v.  6,  no.  4 

walls  on  heat  transfer  to  blunt  bodies.  9-15 

An  analysis  was  made  of  Incompressible 
fluid  flow  past  the  stagnation  area  of 
a  blunt  axlaymmetrlcal  body  through 
whose  walls  a  fluid  is  injected  or,  by 
suction,  withdrawn  from  tha  main  stream. 

A  general  heat  transfer  formula  in  terms 
of  the  Gauss  function  and  the  ratio  of 
the  Nusaelt  numbers  for  porous  and  im¬ 
permeable  walls  was  derived.  It  is 
shown  that  the  formula  yields  results 
which  are  in  good  agreement  with  values 
calculated  by  Hartnett  and  Eckert,  who 
used  a  laborious  numerical  method.  The 
solution  for  the  injection  of  a  fluid 
having  different  physical  properties  than 
tha  main  flow  showed  that  fluid  injection 
decreases  heat  transfer;  the  effect  of 
Injection  Increases  with  an  increase  in 


InFZh 

v.  6,  no.  £ 
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the  specific  hast  of  the  injected  fluid 
•nd  with  a  decrease  In  it*  thermal  con¬ 
ductivity  and  density. 


365.  Usanov.  V.  V.  Poaaibla  aolutiona  of 
thermodynamic  aquations  for  viacoua 
gas  flow  with  heat  transfer. 

A  system  of  equations  in  terms  of  gas- 
dynamic  Influence  coefficients  de¬ 
scribing  one-dimensional  gas  flow  with 
allowance  for  irlction  and  heat  transfer 
through  the  wall  is  considered.  Pos¬ 
sible  methods  of  solving  the  equations 
are  discussed.  It  is  shown  that  in  case 
of  Intensive  heating,  the  effect  of  heat 
transfer  on  the  friction  factor  must  be 
taken  Into  consideration. 


566.  Kudr^BShev  .  L.  I.,  and  V.  K.  Lyakhov.  The 
dependence  of  heat  transfer  coefficient 
on  longitudinal  and  transverse  nonlso- 
thermlclty  in  turbulent  fluid  flow. 

An  analysis  based  on  a  two-boundary-layer 
model  was  made  to  derive  generalized 
relationships  for  turbulent  heat  transfer, 
with  allowance  for  transverse  and  longi¬ 
tudinal  variations  in  physical  properties. 


5 67,  Chervyakov.  S.  S.  (Institute  of  Heat  and  Mass 
Transfer.  Academy  of  Sciences  BSSR) *  An 
experimental  study  of  the  Influence  of  vi¬ 
brations  on  heat  and  mass  transfer  of  a 
cylinder  and  a  cone  in  turbulent  air  flow. 

Experimental  data  were  obtained  on  the 
Influence  of  vibrations  on  the  heat  and 
mass  transfer  of  a  cylinder  and  a  cone 
under  various  flow  conditions.  The  pro¬ 
cedure  and  method  used  in  the  experiments 
are  the  same  as  those  used  by  Chervyakov 
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with  *  sphere  (Inffh^no.  6,  1963).  Tha  Ra 
number  varlad  from  2.8  X  104to  7,6  X  1C4, 
tha  dagraa  of  turbulence  of  tha  air  flow 
veried  fro*  2.4  to  3.2Z,  and  tha  terapere- 
tura  40  C.  The  frequency  of  vibration  of 
a  test  modal  waa  varlad  from  9  to  16.5  cpa 
at  an  amplitude  of  12  mm. 


568.  Dollnakaya,  R.  A.  Bibliography  of  heat  and 
maaa  exchange. 

Thla  bibliography  liata  11  books,  includ- 
ing  two  tranalatlona  and  250  Soviet  jour¬ 
nal  articlaa,  moat  of  which  ware  published 
in  1962-1963.  The  aubjects  include  math¬ 
ematical  methoda  (29  articlaa) ,  experi¬ 
mental  methoda  (35  articles),  superhigh 
speed  procaasaa  (7  articles),  thermo- 
physical  and  thermodynamic  properties 
of  materials  (15  articles)  ,  physics  of 
high-temperature  processes  and  magnetic 
hydrodynamics  (64  articles),  processes  in 
nuclear  reactors  (14  articles) ,  and  pro¬ 
cesses  and  apparatus  (31  articles). 


569.  Kozlov,  L.  V.  An  experimental  investigation 
of  surface  friction  on  a  plate  in  super¬ 
sonic  flow  with  heat  exchange. 

The  values  of  local  surface-friction 
coefficients  on  a  plate  at  zero  angle 
of  attack  in  subsonic  and  supersonic 
flows  with  extensive  heat  exchange 
between  the  plate  and  flow  are  experi¬ 
mentally  determined.  Brief  descriptions 
of  the  surface -friction  transducer  and 
of  the  testing  technique  are  given.  An 
empirical  formula  is  obt ained  for  calcula¬ 
ting  the  friction  coefficient  in  a  turbu¬ 
lent  flow  over  a  wide  range  of  Mach  and 
Reynolds  numbers  and  temperatures. 


570.  Taglrov ,  R.  K.  (Moscow).  Calculation  of 

heat  fluxes  in  the  flow  of  two  different 
supersonic  streams  about  a  step. 
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A  method  le  developed  for  calculating  tha 
baaa  enthalpy  and  baaa  tamparaeura  in  tha 
flow  ovar  a  flat  or  round  back-step  by 
two  dlffarant  supersonic  streams  having 
dlffarant  Mach  numbers,  total  pressures, 
and  atagnatlon  enthalpies. 


n 71 ,  Tirskiy,  G.  A.  Heat  tranafer  to  cylinder 
in  flow  of  dlaaoclatlng  air. 

Formulae  are  derived  for  calculating  two 
caeca  of  apaclflc  haat  fluxaa  to  the 
leading  edge  of  a  swept-back  wing  (cylin¬ 
der  of  Infinite  length)  in  a  flow  of  dia- 
eoclatlng  airs  1)  equilibrium  diaoocia- 
tion  in  the  boundary  layer,  and  2)  "froaen" 
flow  over  ideal  catalytic  and  noncata- 
lytic  aurfacee.  Tha  determination  of  tha 
flow  in  the  boundary  layer  in  the  vicinity 
of  the  leading  edge  of  the  cylinder,  with 
the  recombination  of  air  atoma  in  the 
relatively  cool  boundary  layer  taken  into 
account,  la  reduced  to  the  aolutlon  of  the 
boundary  problem  preaented  by  the  author 
in  a  prevloua  work. 


572.  Nlkltenko,  N.  I.  The  numerical  aolutlon  of 
a  temperature  field  problem. 

The  problem  of  determining  the  nonstationary 
temperature  field  in  a  moving  medium  is 
studied.  The  problem  is  reduced  to  the 
solution  of  a  heat  propagation  equation; 
it  is  proposed  to  do  this  by  the  method 
of  numerical  integration.  The  method  is 
illustrated  by  a  solution  of  the  problem 
of  the  temperature  field  of  a  laminar  flow 
in  a  circular  tube.  It  is  shown  that  the 
numerical  solution  results  are  in  good 
agreement  with  Nusselt's  analytic  solution 
of  this  problem. 


7 3 ,  Sozln,  Yu.  A.  Heat  transfer  during  pulsed 
flow  of  an  incompressible  fluid. 
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An  analysis  was  made  co  derive  relation¬ 
ships  which  csn  be  used  In  the  design  of 
host  exchangers  with  pulsed  flow  of  in¬ 
compressible  fluid.  The  effect  of  the 
nonlinear  relationship  between  the  heat 
transfer  coefficient  and  sinusoidal  flow 
pulsations  was  expressed  by  the  formula! 


do  -  da  1061  -  -4(U* )  X 
—  '  o 

where  da  is  the  relative  change  in  the  heat 
transfer  coefficient;  Aa,  the  absolute 
change  In  the  heat  transfer  coefficient; 
ai,  the  heat  transfer  coefficient  under 
steady  flow  conditions;  and  .  ;he  rela¬ 
tive  amplitude  of  flow  velocity  pulsations. 
The  formula  shows  that,  compared  with  steady 
flow,  flow  pulsations  caused  a  decrease  in 
the  average  heat  transfer  coefficient. 


57 1.  Sozln.  Yu.  A.  An  experimental  study  of  IzVUZ,  AvT 

convective  heat  transfer  in  pulsed  flow  no.  3 

of  an  incompressible  fluid.  87-91 

A  study  of  pulsed  heat  transfer  has  bean 
made  in  an  annulus  276  mm  long.  Results 
for  steady  and  pulsed  flow  are  given.  It 
is  concluded  that  the  majority  of  the  ex¬ 
perimental  points  for  pulsed  flow  are  lo¬ 
cated  below  the  line  calculated  for  steady 
flow,  so  that  flow  pulsations  generally 
reduce  the  heat  transfer.  At  low  and 
intermediate  pulsation  amplitudes,  pulsed 
heat  transfer  is  not  more  than  4 — 5%  lower 
than  under  steady  flow  conditions;  this 
is  within  the  limit  of  experimental  error. 

Therefore,  pulsed  heat  transfer  can  be 
calculated  by  conventional  methods  for 
steady  flow. 


575.  Shi  an chlauskas .  A..  I.  Zhlugzhda.  and  A. 

Zhukauskas.  Heat  exchange  in  a  bound¬ 
ary  layer. 

Relationships  for  calculating  heat  ex¬ 
change  when  the  properties  of  a  fluid 
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**•  changing  vara  darivad  by  measuring 
tha  velocity  and  tamperatune  fields  in 
the  boundary  layer  tfve r  a  heated  and 
cooled  plate  in  oil  and  water  jets* 


Teplofizika 

576.  Kutateladze,  S.  S. ,  and  A.  I.  Leont'yev.  Vys  ihj 

Protecting  bodies  by  a  cooling  turbulent  v.  1,  no*  2 

boundary  layer.  281-290 

The  problem  of  protecting  bodies  in 
a  high- temperature  gas  flow  by  forming  a 
cold  boundary  layer  on  them  is  discussed. 

The  cooling  boundary  layer  ia  established 
either  by  extensive  cooling  of  the  front 
portion  of  the  body,  or  by  making  this 
portion  porous  (or  with  slits)  with 
injection  of  cold  gas. 


577.  Panevin,  I.  G. ,  and  P.  P.  Kulik.  A 

method  for  experimental  determination 
of  the  coefficient  of  thermal  conduc¬ 
tivity  of  a  high-temperature  gas. 


Teplof izlka 
Vys  Tm 
v.  1,  no.  3 
394-398 


An  experimental  method  is  presented  which 
is  based  on  the  fact  that  regardlass  of 
the  conditions  in  a  flow  around  a  blunt 
body,  the  streem  in  a  small  area  around 
the  critical  point  is  always  laminar. 

Since  heat  transfer  transverse  to  the 
laminar  boundary  layer  is  due  only  to 
molecular  heat  conduction,  measurement 
of  the  temperature  profile  in  the  bound¬ 
ary  layer  near  the  critical  point  and 
determination  of  the  heat  flux  at  this 
point  yields  the  value  of  the  coefficients 
of  molscular  thermal  conductivity  in  e 
larger  range  of  temperatures  ;han  pos¬ 
sible  heretofore.  The  experimental 
set-up  has  been  described  elsewhere 
(V.  a,  Tikhonov,  Ye,  A.  Yakovlev, 

Sb.  tr.  MAI,  A.  V.  Kvasnikov,  ad, 

Oborongiz  1960).  The  experimental 
results  agreed  within  9X  at  T  -  12,000K 
and  5Z  at  T  ■  14,000K  with  approximate 
theoretical  values  calculated  by  the 
method  of  W.  Loch te-Holt graven  (Repts. 
Progr.  Phya.  v.  21,  312,  1958).  It 
is  pointed  out  that  the  method  is  most 
effective  at  high  pressures.  Orig.  art. 
has:  7  figures  and  3  formulas. 
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578,  Aitateladse,  S.  S. ,  and  A.  I,  Leont’yev.  Tepiofizika 

The  effeot  of  gas  dissociation  on  Vys  Tm 

friction  and  heat  exchange  In  a  turbu-  v.  1,  no.  3 

lent  boundary  layer.  458-460 

The  frozen-flow  pattern  of  a  dissociated 
gas  Is  used  In  examining  the  effect  of 
changes  In  density  distribution  (caused 
by  dissociation)  In  the  boundary  layer. 

An  expression  for  the  limit  law  of 
friction  In  the  dissociated  gas  boundary 
layer  Is  derived  and  theoretical  results 
are  compared  with  experimental  data. 


579.  Gribkova,  S.  I.,  and  L.  S.  Shtemenko  (Da-  VaLUMMaAa 
parttnent  of  Molecular  Physics,'  Moscow  no.  3 

State  University).  Estimation  of  the  11-17 

effect  of  second-order  approximation 
terms  in  temperature- jump  experiments. 

Comparative  evaluations  are  presented  of 
the  heat  flow  parameters  obtained  in  the 
first-  and  second-order  approximations  by 
using  empirical  data  obtained  at  the 
Department  of  Molecular  Physics  of  the 
Moscow  University  in  investigations 
of  viscous-molecular  flows  of  rarefied 
gases.  The  heat  flow  is  represented  in 
the  Burnett  approximation.  A  quantitative 
estimate  is  also  given  of  the  effects 
caused  by  taking  account  the  second-order 
terms  on  the  temperature  jump  in  the 
Interface  between  the  gas  flow  and  the 
solid. 


580.  Rosenshtok  Yu.  L.  (Leningrad).  The  problem  ZhPMeTF 
of  thermal  conductivity  with  time-dependent  no.  1 
heat  transfer  coefficient.  136-137 

A  solution  of  thermal  conductivity  problem 
by  an  approximate  Integral  method  is  given 
for  the  case  of  linear  and  exponential 
variation  of  the  heat  transfer  coefficient 
and  the  ambient  temperature. 
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‘jQl.  Kutateladsa,  S.  S.  (Novosibirsk);  A,  I. 

Laont'y*v  (Novosibirsk);  N,  A,  Rubtsov 
(Novosibirsk).  Evaluation  of  ths  rolo 
of  radiation  In  calculating  tha  haat 
transfer  In  a  turbulent  boundary  layer. 

Heat  transfer  by  radiation  and  convection 
in  a  turbulent  boundary  layer  was  analysed. 
Thermal  radiation  from  a  high-temperature 
gas  affects  the  temperature  field  in  the 
boundary  layer  and  consequently  the  con¬ 
ditions  of  heat  transfer  by  conduction 
and  convection. 


582.  Murslnov,  1.  N.  (Moscow.  Heat  transfer  at 
the  stagnation  point  of  a  blunt  body  at 
low  Reynolds  numbers. 

On  the  basis  of  an  analysis  of  hypersonic 
flow  around  a  sphere,  a  parameter  N  -  Rok2 
is  defined  which  determines  the  stagnation- 
point  heat  transfer  at  lew  Reynolds  numbers, 
where  Ro  is  the  Reynolds  numbor  related  to 
stagnation  conditions  and  k  is  the  ratio 
of  densities  at  the  shock.  A  system  of 
equations  of  motion  and  energy  in  the 
stagnation-point  region  is  solved  numer¬ 
ically  by  the  Kutta-Runge  method,  and  the 
results  show  that  the  heat  flow  depends 
almost  exclusively  on  the  parameter  N. 


563.  Volosevich,  P.  P.,  S.  P.  Kurdyumov,  L.N. 

Busurina,  and  V.  P.  Krus  (Moscow).  Piston 
problem  in  an  ideal  heat-conducting  gas. 

A  one-dimensional  problem  of  piston  motion 
in  an  ideal  gas  with  given  conditions  on 
the  piston  is  discussed.  The  self-similar¬ 
ity  solutions  are  compared  with  numerical 
solutions  of  a  system  of  partial  differen¬ 
tial  equations,  under  the  same  initial  and 
boundary  conditions. 
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584,  Punchkovskiy ,  V.  V,  Features  of  heat  and  mass 
tr  ana  far  In  cha  presence  of  a  haat  ao.urea 
which  la  dapandant  on  taaparatura  and  aaaa 
content. 

A  system  of  differential  haat-  and  mass- 
tranafar  equations  for  an  inflnita  plate 
with  an  intarnal  haat  eourca  ia  aolvad. 

1)  Tha  problan  la  examined  as  applicabla 
to  a  mol  at  dlalactrlc  plata  in  an  alter¬ 
nating  alactrlcal  field  and  la  raatrictad 
to  tha  Intarnal  problam,  aaaumlng  tha  tem- 
paratura  of  tha  madlum  and  tha  molatura 
eontant  to  ba  constant.  Tha  procaaa  la 
gowamad  by  tha  haat  and  mass  transfar 
eharactarla tics  and  similarity  crltaria, 
as  wall  as  by  tha  varying  output  of  tha 
Intarnal  haat  sourca,  which  requires  tha 
Introduction  of  dynaplc  crltaria.  Tha 
•lnlmum  alactrlc  field  atrangth  producing 
thermal  breakdown  Is  given.  2)  Finally, 
tha  mean  value  of  tha  moisture  content  is 
found  for  tha  staady-stata  regime,  which 
is  in  equilibrium  only  when  tha  argument 
for  a  thin  plata  is  vanishingly  small. 


585.  Murzinov,  I.  N.  (Moscow).  Temperature- 
profile  similitude  in  bodies  moving 
freely  in  the  atmosphere  with  super- 
sonlo  velocities  at  extreme  altitudes. 

The  similitude  of  the  temperature  profiles 
in  bodies  entering  the  atmosphere  at  extremely 
high  velocities  is  considered.  It  is  shown 
that  the  temperature  profiles  for  most 
of  the  orbit  are  determined  by  only  one 
parameter  so  long  as  the  velocity  is 
practically  oonstant.  Similitude  para¬ 
meters  for  the  temperature  profiles  in  the 
presence  of  ablation  and  physicochemical 
transformations  in  the  body  material  are 
discussed. 


586.  Kalashnikov,  V.  N.  On  the  stagnation  tem¬ 
perature  of  a  two-pbeae  turbulent  jet  in 
a  high  velocity  gas  stream. 
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If  liquid  is  injected  into  a  feet  gee  stream, 
the  materiel  in  the  resulting  turbulent  make 
may  lose  thermal  energy  more  rapidly  by 
heat  conductivity  than  it  gains  kinetic 
energy  from  the  gas  flow,  with  the  result 
that  the  stagnation  temperature  in  the 
wake  may  be  lower  than  either  the  initial 
temperature  of  the  liquid  or  the  stagnation 
temperature  of  the  gas.  This  phenomenon 
is  investigated  theoretically  both  for  e 
plane  parallel  jet  and  for  an  axially  sym¬ 
metric  Jet. 


GROUP  D  ASROTHERMQDYNAMICS  OF  HIGH-SPEED  FLOWS 


13-2  Aerothemal  Structural  Resoonse 
Thermal  Shields 
Ablation  and  Sublimation 
Injection  Coolinp 
Inst  rumentation 


R-2  AEROTHERMAL  STRUCTURAL  RESPONSE 


1957 

587,  Danilovskaya,  V.  1,  (Moscow).  An  approxlaate  TUQT  OTP 

solution  of  tho  problaa  of  a  stoady  tan-  no*  9 

poraturs  fluid  in  a  thin  shall  of  arbitrary  157-159 
shaps. 

An  approxlaata  solution  to  tho  problaa  of 
tho  stoady  taaparaturo  fluid  In  a  thin 
shall  of  arbitrary  ohapa  and  constant 
thleknoas  la  prasontad. 


5  36.  Tirakiy,  a.  A.  Ablation  of  a  hsst-oonduetlng 
wall  bahlnd  a  moving  shook  wavs. 

An  exaot  solution  of  ths  ablation  problaa 
of  a  flat  wall  bahlnd  a  normal  shook 
moving  In  a  qufet  gas  with  a  constant  velo- 
oity  parallal  to  tho  wall  Is  prsssntsd. 

Ths  motions  of  ths  molten-metal  film  and  of 
both  Its  lntarf aoas  are  analysed,  taking 
aooount  of  haat  oonduotlon  Into  ths  wall 
and  dlsragardlng  avaporatlon  of  ths  film* 


1959 

iigp  SflflR 


5 


5  r>'» .  Gorban  » ;  H.  F. ,  and  L.  N.  Bronskly.  An 
axparlmantal  study  of  ths  malting  of 
bodlas  In  a  hot  supehsonlo  gas  flow. 

Ths  ablation-tasting  conditions  of 
oonloal  and  cylindrical  (Load  and  alu¬ 
minum)  specimens,  with  and  without  shiel¬ 
ding.  under  flow  tanperatures  up  to 
1000  C  and  speeds  up  to  2,7  M  are  explained, 
the  experimental  data  are  presented,  and 
the  ablation  mechanism  is  discussed. 


590.  Danilova,  I*  N.  The  temperature  field  in  an  IzAN  Ea  AvtT 

Infinite  hollow  cylinder  when  the  ambient  no.  1 

temperature  varies  according  to  a  broken-  131-133 

line  law. 

The  temperature  distribution  in  an  infinite 
annular  cylinder  -  varying  with  the  ambient 
temperature  on  its  outer  surface  according 
to  a  broken-line  law,  and  with  constant  tern- 
perature  on  Its  inner  surface  is  Investigated 
by  means  of  an  operational  method. 
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591*  Ebstelin,  0.  N,>  Tt,  A .  Mi  t» kina,  and 

A.  a.  Predvoditelcv.  Halting  of  bodlaa 
in  auparaonlo  flows. 

i 

Bom  experimental  raaulta  on  the  melting 
of  solids  in  supsrsonle  flow  (Maoh  number 
1.7#  temperature  88  to  89*0}  obtained 
with,  models  made  of  Wood  alloy.  Ths  rats 
of  ablation#  ths  hast  amission  ooefflolent, 
and  tbs  location  of  ths  most  intensive 
dislntssratlon  ara  da t a rains d. 


592.  Sokolova,  I.  N.  (Moscow).  Ths  calculation  of 
ths  heating  of  shslls  at  high  velocities. 

An  approximate  solution  is  found  for  the 
heating  problem  of  shells  stablized  in  a 
flow  of  gas  with  variable  velocity,  pressure 
and  density. 


Tataahin,  A,  B.  Ablation  of  a  plats  in  a 
supsrsonlo  or  high- temps rature  gas  flow. 

Ths  problsm  of  ablation  and  sublimation 
of  a  semi- infinite  plats  is  investigated 
under  ths  assumption  that  ths  ratio  of 
produots  of  density  and  ths  oosfflolsnt 
df  dynamlo  vlsooalty  In  both  ths  liquid 
and  gassous  phases  (of  ths  plats  material) 
has  a  large  value.  Ths  solution  obtained 
is  generalised  for  ths  ease  when  a  part 
of  ths  heat  flux  is  oonduote?  into  ths 
body. 


5,9 h .  Babichev,  A.  1.  Selecting  the  optimum  porous* 
cooling  regime. 

The  problem  of  finding  that  rate  of  fluid 
injection  in  porous  cooling  of  an  airfoil 
which  will  ensure  a  minimum  heat  flow  through 
its  skin  Is  discussed.  A  porous  plate  with  a 
constant  surface  temperature  in  a  steady 
uniform  gas  f±ow  is  used  as  a  model. 


IzAN  En  AvtT 


IzAN  En  AvtT 

no.  3 
90*94 


IzAN  MeMa 

no.  6 
7-13 


Is AN  MeMa 
no.  6 
147-149 
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595.  Seaniawski,  A.  Certain  dynamic  problems  of 
perfect  partly  dissociated  gases. 


i960 

Arch  MeSt 
v.  12,  no.  4 
483-496 

Certain  problems  of  the  dynamics  of  Ideal 
gases  containing  particles  subject  to  dls~ 
soclatlon  are  studied.  The  analysis  of  de¬ 
composition  pnenomena  is  approximated  by  re¬ 
placing  a  gas  mixture  In  which  one  of  the  gases 
dissociates  In  accordance  with  the  chemical 
formula AB  %  A  ♦  B,  by  a  simplified  model  which, 
in  turn,  permits  substitution  of  an  equation 
which  is  analogous  to  the  equation  of  phase 
change  for  the  oomplex  Ouldberg-Vlage  chemical- 
equilibrium  equation.  The  equations  of  state, 
thermal  functions,  and  lsentroplc  .equations 
developed  for  this  model  are  presented. 


596.  Tirskiy,  0.  A.  Ablation  of  a  seal-infinite 
body  In  plane  and  axlsyanetrlo  lnooetpree- 
alble  gas  flows. 


DAK  888R 


A  procedure  Is  presented  for  obtaining 
exact  equations  describing  a  steady 
ablation  regime  (with  a  constant  abla¬ 
tion  rate)  near  the  stagnation  point  and 
Methods  for  solving  them  are  outlined. 
The  possibility  of  generalising  these 
solutions  for  a  compressible  gas  flow 
with  variable  viscosity  and  heat- conduc¬ 
tivity  oosfflolente  (in  the  gas  *and  In 
the  molten-natal  film)  Is  Indicated. 


597.  Prokof*  yev,  V.  A.  (Department  of  Aeromechanics  Ve  MoU  MMe 
and  gas  dynamics,  Moscow  State  university).  no.  2 
The  theory  of  forced  harmonic  small -amplitude  33-32 
pressure-wave  propagation  based  on  gas-dynamic 
Euler  equations  with  radiative  heat  transfer 
taken  into  account.  (1) 

In  this  part  (see  item  No.  598),  the  absorp¬ 
tion,  dispersion,  and  rate  of  propagation  of 
harmonic  compression  waves  in  a  perfect  com¬ 
pressible  fluid  are  investigated  under  such 
conditions  and  at  such  frequencies  that  the 
Bouguer  "wave"  number  and  the  product  of  the 
Bouguer  and  Boltzman  "wave"  numbers  can  be 
either  small  or  large  quantities. 
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598.  Prokof* yev,  V#  A.  (Department  of  Aeromechanics  Ve  MoU  NMe 
The  theory  of  foroed  harmonic  email -amplitude  no.  3 
pressure-wave  propagation  based  on  gas-dynamic  31 -40 
Bule;r  equations  with  radiative  heat  transfer 
taken  into  account.  (II) 

In  this  part  (see  item  No,  597)*  the  absorption, 
dispersion,  and  propagation  rate  of  pressure  waves 
are  discussed  in  a  general  case,  with  arbitrary 
values  of  the  Bouguer  and  Boltzmann  "wave"  numbers. 


590  Popov,  N.  N.  (Department  of  Wave  and  Gas  Ve  MdU  Wfe 

*  dynamics,  Moscow  State  University).  no.  A 

Discontinuity  propagation  in  the  presence  of  ^9 

a  heat  source. 

The  problem  of  discontinuity  propagation  is 
studied.  A  general  expression  for  the  velocity 
and  a  formula  for  the  early  stage  of  motion  are 
established. 


600. Kiselev,  K.  A.,  and  A.  I.  Lazarev.  The  temper-  ZhTF 

ature  gradient  of  an  infinite  plate  with  v.  3Q,  no.  6 

variable  heat  loss  coefficients  in  a  medium  616-621 
of  varying  temperatures. 

An  analysis  is  presented  of  the  problem  of  the 
heating  (or  cooling)  for  2  hr  of  a.  plate  of  in¬ 
finite  thickness  with  boundary  conditions  of  he 
third  kind  that  are  symmetric  relative  to  tht* 
plane  bisecting  the  plate. 


601,  Vulis,  L,  A.  (Kazakh  State  University),  and  ZhTF 

Kashkarov,  V.  P.  Local  redistribution  of  the  v,  30,  no.  12 
total  energy  in  the  boundary  layer  or  a  com-  l477-l*dA 
presslblt  gas  at  the  surface  of  a  burning  body. 

The  effect  of  a  local  redistribution  of  the 
total  energy  (the  sum  of  the  kinetic  energy  and 
the  physical  and  chemical  enthalpy)  in  the 
boundary  layer  of  a  compressible  gas  flowing 
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parallel  to  a  plane  surface,  when  a  heterogeneous 
rate  of  reaction,  is  studied.  The  possible 
generalisation  of  the  results  is  considered,  along 
with  their  application  to  turbulent  flow. 


602,  Yaroshenko,  V.  M. ,  M.  G.  Morozov,  V,  P, 

Matulevlch,  Yu.  N.  Petrov,  and  V.  S.  Pushkin. 

A  gas-dynamic  device— NT-14  interferometer. 

The.  Laboratory  of  Combustion  Physics  of  the 
Academy  of  Sciences  USSR  has  built  a  universal 
NT  -14  gas-dynamic  testing  device  for  shapes  in 
subsonic  and  supersonic  gas  flows  with  subllm* 
at ion,  ablation,  erosion;  porous  and  local  supply 
of  various  coolants;  and  with  chemical  reactions 
in  the  flow  as  well  as  on  the  surface  of  the  body 
in  the  flow. 


1961 

‘EnT'AN  SSSR 
M.  1961 
51-59 


(3 0 3  .  Petrov,  Yu.  N.  Cooling  of  the  leading  face  of  Enl  AN  SSSR 
a  cylinder  in  supersonic  flow  with  coolant  gas  M.  1961 
feeding,  89-93 

An  experimental  study  was  made  of  a  super¬ 
sonic  flow  (M  ■  1.7,  static  pressure  »  0.2  atm) 
along  a  cylinder  with  a  front  face  having  a  2-nun 
opening  in  its  center  through  which  various 
gases  (nitrogen,  hydrogen,  and  argon)  were  fed 
into  the  boundary  layer. 


604.  Artyukh,  L.  Yu.,  L.  A.  Vhlia,  and  V.  p. 
Kaahkarcv.  Plow  of  a  gas  burning  on 
the  surface  of  a  plate. 

A  homogeneous,  ooapresslble  gas  flow 
past  a  burning  plate  Is  Investigated. 

The  previous  research  results  In  thle 
field  are  generalised  and  supplemented. 

A  laminar  boundary  layer  along  the  plat# 
is  aasumedj  a  normal  advance  of  the 
burning  front  on  the  plate  surfaoe  is 
disregards!  beoauss  of  the  low  burn-out 


InFZh 


3 
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rate  of  the  solid  phase.  The  Ignition 
and  sxtlnotlon  associated  with  variation 
of  Nsoh  ambers  art  dismissal.  Vlas  problem 
Is  regarded  as  a  limit  pattorn  of  ths 
high-speed  notion  of  a  body  la  tho  atmsa 
lias  vs* 


605.  lhakhov9  T«.  M.  Onc-dimcntlonal  unsteady  InFZh 

haatlag  aad  Halting  of  solid  bodlao  t.  1,  so*  3 

■otli|  longitudinally  to  tholr  flat  ♦•-St 

•urfaea  la  a  gas. 

A  tva-dlmama local  aathaaatleal  modal  la 
aood  to  selva  boating  and  aaltlag  p rob lams 
aad  avalaata  tho  lafluoaea  of  practically 
algalftcaat  factors  la  this  easa. 


606.  Shakhov,  To.  M.  evaporation  of  a  solid  inFZh 

absorbing  radiant  onorgy.  v.  1.  no*  4 

27-38 

Ths  ons-dlmenslonal  prOblom  of  tho 
evaporation  of  a  solid  hoatod  by  tho 
absorptlon'radlant  onorgy  Is  dlsoua- 
sed,  assuming  that  tho  flow  of  radiant 
onorgy  Is  absorbs d  on  ths  surfaoo  of 
tho  body  and  is  equivalent  to  tho  heat 
flow  at  tho  boundary  (both  depend  on 
tima  and  on  the  surfaoo  temperature  of 
tho  body).  Two  easos  of  evaporation: 
into  a  vacuum  and  into  a  perfect  gaseous 
■odium  are  considered. 


607.  Ylrskly,  O.  A.  Ablation  of  a  body  and  vapori-  zhPMeTF 
satlon  of  the  malt  at  tho  stagnation  point  no*  p 

and  lino  in  dlasoolated  air  flow.  39-52 

Ablation  of  a  blunt  body  in  dissooiated- 
alr  flow  at  the  stagnation  point  (axi- 
wnohde  case)  and  at  ths  stagnation 
lint  (plana  ease)  with  evaporation  of  tho 
maltan-astal  fils  end  heat  absorption  by 
tha  body  taken  into  aoeount  is  discussed, 
assuming  arbltrory  dopondonoo  of  thsrms 
i  physical  body  par— tors  and  molten- 

aatsrial  viscosity  an  ths  teapsratur*. 
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608. 


609. 


610. 


Tlrakiy,  C.  A*  Ablation  of  tha  loading 
adga  of  a  owapt-back  wing  In  a  hyparaonle 
flow, 

Tharaal  dlalntagratlon  of  tha  laadlng  adga 
of  a  awapt-back  wing  In  hyparaonle  flow  la 
atudlad,  Eqnatlona  daacrlblng  tha  dlaln¬ 
tagratlon  procaaa  and  an  approxlaate  for- 
aula  for  ablation  rata  ara  praaantad. 


Sanochkln,  Yu.  V,  (Mathaaatlca  Inatltuta, 
Acadaay  of  Sclancaa  USSR).  Tharaal  ion- 
laatlon  and  alactrlcal  conductivity  of 
gaa  alxturaa. 

Ganaral  foraulaa  for  tha  Initial  and  auc- 
caaalva  tharaal  lonlaatlon  of  gaoaopa 
alxturaa  wara  darlvad  and  analysad,  Tha 
affacta  of  Introducing  lapurltlaa  Into 
tha  gaa  ara  avaluatad.  Aa  an  exaapla,  tha 
dagraa  of  lonlaatlon  and  tha  alactrlcal 
conductivity  of  tha  gaa  bahlnd  a  chock 
wave  propagating  In  argon  containing  snail 
anounta  of  eaalun  and  alunlnun  ara  datar- 
nlnad.  Calculated  and  axparinantal  value • 
wara  found  to  agree. 


Tirokiy,  0.  A.  Sublimation  of  a  blunt 
body  at  tha  stagnation  point  In  a  plana 
and  axlsysmetrle  gas- mixture  flow. 

An  axaot  solution  Is  given  for  tha 
problem  of  equilibrium  and  ronaqulllbrlum 
sublimation  of  a  blunt  body  In  the  vlolnlty 
of  tha  stagnation  point  with  an  arbitrary 
dependenoe  of  physloal  properties  of  tha 
body  on  temperature,  Ihe  temperature 
profile  In  the  body  Is  detoxified  by 
quadratures,  Tha  solution  of  any  epeolflo 
problem  In  tha  general  ease  Is  reduoed 
to  the  solution  of  a  system  of  three 
finite  equations  for  determining  the 
ooneentretlon*  temperature  on  the  front 
of  evaporation*  and  the  rate  of  ablation. 


ZhPMaTF 
no,  6 
p.  54 


ZhTF 

v,  31,  no,  2 
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611. 


612. 


613. 


1962 

J«mgevsk&t  *•  destitute  of  Asrodynseies ,  Areh  Ms$t 

Tschuieal  Ualvsrslty  of  Warsaw),  Msthods  V* 

for  salsuUtftag  stagnation  taepsratur*  la  491-303 
a  hypersaulc  gw  tuaaal. 

Aa  analysis  of  phaeomaaa  la  a  gaa  taaaal 
(vigil  a  daaoriptloa  of  tha  method  derived 
by  Cos  aad  Viator  [AGARS  Report  139))  la 
protested.  A  simplified  aothod  for  cal- 
aalatlag  tha  atagaatloa  taaparataro  la 
briefly  described. 


lotlkov,  1*  A.,  aad  L.  N.  Bronskiy.  Export-  laPZh 

mental  a  tody  of  hoot  exchange  In  ablation  ».  3.  ao.  4 

of  aatal  aad  In  moltsn-metal  Injection  IO-I4 

through  a  poroua  vail  In  e  supersonic  flow. 

A  study  was  aede  of  heat  exchange  on  the 
surface  of  the  flat  front  faceplate  of  a 
hollow  glass-reinforced  textollte  cylinder, 

16  aa  la  dlaaeter,  being  covered  with  e 
flla  of  aolten  tin  In  a  longitudinal  super¬ 
sonic  flow.  The  sources  of  the  aetal  flla 
varot  1)  a  tin  rod  protruding  through  the 
coater  hole  la  the  cylinder  faceplate  into 
the  hole  aad  aelted  by  it,  end  2)  aoltea 
tin  fad  under  pressure  through  a  porous  chro¬ 
mium  plug  inserted  in  the  sene  hole. 


Ohakalev*  K.  N.  Beat  flow  In  ablation 
waiting  of  a  plate. 

An  approximate  analytical  investigation 
of  the  hsat-exohange  in  an  infinite  plate 
of  constant  thickness  plaoed  in  a  medium 
with  a  temperature  higher  than  the  melting 
point  of  the  plate  material  is  presented. 
She  molten  material  is  continuously 
removed  from  the  solid  remainder  of  the 
plate  so  that  a  moving  melting  plane  is 
f aimed.  The  dependence  of  the  instantan¬ 
eous  temperature  at  an  artitrmry  point 
in  the  solid  on  the  position  of  the 
malting  plane  is  examined. 


InPZh  . 

v.  3#  no.  4 
25*30 
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oi4.  Hey land,  V.  Ya.  On  the  effect  of  radiative 

heat  exchange  on  ablation  at  the  stagnation 
point  of  a  blunt  nosed  body. 

The  effect  of  then&al  radiation  in  the 
boundary  layer  on  ablation  at  the  stag¬ 
nation  point  of  blunt  nosed  body  is 
analysed.  The  influence  of  radiation  on 
other  flow  regions  is  accounted  for  by 
setting  appropriate  boundary  conditions 
,  for  the  ccas  temperatures  on  the  outer 
interface  of  the  boundary  layer  and* ' 
far  the  oncoming  radiation  flux. 


Cl1}.  Shakhov,  Ye.  M,  Determining  the  constant 
inciting  rate  of  a  semi- infinite  solid, 

A  quasi- steady  regime  of  melting  of  a 
semi-infinite  body  in  a  high- temperature 
gas  flow  in  discussed,  assuming  immediate 
removal  of  molten  material.  Approximate 
asymptotlo  expressions  for  the  rates  of 
ablation  and  of  heat  oonduotlon  into  the 
solid  are  derived  for  arbitrary  initial 
conditions. 


ulb.  Vetlutskiy,  V.  N. ,  and  A.  T.  Onufrlyev. 

Cooling  of  radiating  gas  flowing  In  flat 
duet. 

Heat  transfer  during  the  cooling  of  a  grey 
radiating  gas  flowing  In  a  flat  ducc  Is 
analysed  by  a  previously  developed  dif- 
fuslonal  approximation  method.  It  la  as¬ 
sume  d  that:  1)  the  gas  is  Ideal;  2)  the 
streamlines  are  parallel  with  the  duct 
axis;  and  3)  the  flow  velocity  Is  limited 
by  the  relationship  M2<<1.  Heat  transfer 
by  molecular  end  turbulent  conduction  Is 
neglected.  The  system  of  equations  was 
solved  by  A.  A.  Dorodnl tsyn' s  method  of 
Integral  relations.  Heat-flux  profiles 
along  the  duct  were  also  obtained  for 
the  case  when  a  cool  gas  Is  Injected  along 
the  well  In  a  direction  parallel  to  the 
hot  gas  flow.  As  an  example,  the  wall 
temparatur-  and  heat  flux  profiles  slang  a 
duct  100  cm  wide  were  calculated  only  far 
sir  flaws  at  10,000*K,  at  10  and  100  atm, 
and  radiation  cooled. 
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617. 


Flcchnnoe,  A.  S,  Ablation  of  oentroayn- 
■atrlo  solids  by  boat-. flow. 

An  approximate  Method  la  presented  for 
determining  the  law  and  paranetara  of 
the  boundary  Motion  caused  by  ablation 
of  Moltan  Mata  rial  in  a  haat  flow  paat 
aantrally  ayaoatrio  bodiaa.  A  qualita- 
tiee  aolutlon  la  raduoad  to  determining 
only  ona  dimensionless  criterion  inde¬ 
pendent  of  tha  Milting  taaparatura  which 
ahamotarisaa  tha  whola  prooeaae  Zt  la 
alao  lndloatad  how  to  uaa  tha  Method 
ofiarad  for  aolTing  Stefan-type  problem* 
whan  haat  flora  on  tha  bound aria a  of 
bodiaa  are  glean. 


ZhTf 

Io6.3!ix“°-  1 


618.  Msegoeoroe,  L.  Ya.,  and  V.  1.  Prosvirin. 

Diaintagratlon  of  hot  me tala  and  alloya 
in  a  hyparaonlo  air  flow. 

Sigh- taaparatura  (up  to  1500*C)  oxidation 
of  aatala  and  alloya  in  high- ape ad  (up  to 
'  S  ■  3)  air  flows,  accompanied  by  oorroslon, 
erosion,  and  burning  of  tha  notarial  waa 
axpaMnentally  investigated.  Equipment, 
apeolmens,  and  taohnlquaa  ara  desorlbad  and 
anpirloal  data  ara  glean. 


no.  2 


D19.  Golubev,  V.  A.  (Moscow  Aviation  Institute).  IilK 

A  thsorstlcsl  invsstlgatlon  of  s  turbulsnt  v.  ♦  ,  no.  6 
piano- psrsllo 1  Jot  at  high  temperature  with  A2-50 
dissociation  and  ionisation. 


Calculations  of  air  flow  paranotors  baaed 
on  tha  solution  of  differential  boundary- 
layar  aquations  with  dissociation  and  ion¬ 
isation  taken  into  account  aro  praaantad. 
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GROUP  C  FLIGHT  MECHANICS 

C-i  Aerodynamic  Performance 
Stability  and  Control 


C-l  AERODYNAMIC  PERFORMANCE,  STABILITY  AND  CONTROL 


620.  v  Iaratx««vai  6.  P.  Motion  of  on  ortlficlol 
aotollito  In  the  prosecco  of  otocapherle 
4r«l  in  tho  north's  noneontral  gravity 
field. 

A  nothod  la  developed  for  caieulatlng  tho 
orbit  of  on  artificial  north  aotollito  by 
noons  of  0  high-speed  digital  computer, 
taking  account  of  otnosphorlc  drag  and 
deviation  of  tho  earth's  gravity  field 
Iron  the  control. 


621.  .  Balabanov,  A.  T.,  and  B.  A.  Ray* berg. 

Satellite  deviation  from  an  alllptloal 
orbit. 

91m  deviation  of  a  satellite  from  an 
•lllptlo  orbit  which  it  night  follow  if 
them  vara  no  air  raaiatanoa  ia  dlsoua* 
aad.  Onl 7  tha  atvoaphario  drag  la 

considered  aa  a  diaturbing  foroa  and 
baeauaa  of  lta  smallness,  tha  nothod 
of  snail  diaturbanoaa  ia  uaad  in  tha 
aolutlon. 


19 57 

no.  la 


1958 
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622. 


Tipal,  N. ,  and  C.  Guta.  Notions  of  an 
Aircraft  along  a  given  trajectory. 
(Institute  of  Applied  Mechanics. 
Bucharest). 


StuCeMeAp 

no.  T. 

855-866 


Tha  dynamic  behavior  of  an  aircraft 
covering  Notions  along  a  given  trajectory 
in  tha  vertical  plana  la  discussed.  Load 
coefficient a  are  determined  and  a  synthesis 
la  derived  vhloh  can  be  analysed  by  aeana  of 
the  obtained  results. 


623.  Tipei,  N.  Nonstendy  Motion  of  an  Aircraft  RevMeAp 

in  the  H>rlsontal  Plane.  v.  3,  no.  3, 

199-813 

The  nonsteady  notion  of  an  aircraft  along 
a  given  trajectory  in  the  horlsontal  plane 
is  studied. 


-  190  - 


1959 

o24.  Batrakov#  Tu.  V.#  and  V.  F.  Proakurln.  Tsir  spze 

Perturbations  of  artificial  aatalllta  no.  3 

orbits  caused  by  atmospheric  drag.  39*46 

Expressions  for  determining  secular 
and  perlodlo  disturbances  in  the 
elements  of  an  elliptic  orbit  of  an 
‘artificial  satellite  oaused  by  the 
atmoaphorlo  drag  only#  are  derived# 
and  an  example  of  calculating  the 
first-order  disturbances  is  given. 


Bavrent'yev#  M.  A.  The  puncture  problem 
at  space  velocities. 

The  one-dimensional  problem  of  deter¬ 
mining  the  impulse  irrpartod  to  a  fi  ite- 
length  cylinder  by  a  circular  plate  of 
the  same  diameter  moving  at  a  very  high 
speed  (50  to  100  km/aeoj  under  assumption 
that  the  evsp  oration  of  material  taloss 
place  in  the  impact.  An  analogous  three- 
dimensional  problem  (small  sphere  and  a 
finite-radius  semisphere)  is  also  dis¬ 
cussed.  Finite  formulas  in  both  oases 
are  obtained. 


Isk  Sp  Ze 

no.  3 
61-65 


t>k?6 .  Fridlender#  0.  0,  A  system  for  determining 

the  motion  parameters  of  a  body  in  spaoe.  Izan  EnAvtT 

A  system  for  determining  the  coordinates#  10&-117 

velocities#  and  acceleration  of  aircraft 
moving  in  space  is  discussed.  For  elimin¬ 
ation  of  errors  oaused  by  gravitational 
fields  and  inaccuracy  of  instxvmsnts#  a 
device  is  proposed  which  is  not  sensitive 
to  the  offset  of  weightlessness. 


627.  Kleyman#  Ya.  Z.  Steady  motion  of  a  multi¬ 
component  oompresslble  medium. 


isah  mm, 

no.  1 

50-55 
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The  analog  of  tha  condition*  or  the 
"sound  crisis",  that  Is,  subsonic,  sonlo, 
and  supersonic  steady  notion  of  an 
a -component  mixture,  is  considered. 

Local  variations  of  parameters  of  a  two- 
component  medium,  knowledge  of  whioh  is  in¬ 
dispensable  for  qualitative  motion  studies, 
are  investigated,  together  with  the  problem 
of  variations  in  the  mass  of  the  mixture. 


1961 

628.  Isayev,  V.  X*  Pont ry agin1  *  maximum  principle  JWC  Ti 

in  thrust  programming  of  rocket*.  v.  22,  no.  8 

986-1001 

Optimum  programming  of  the  magnitude  and 
direction  of  rocket  thrust  in  two*'  and 
three-dimensional  cases  is  disoussed  on 
the  basis  of  Pont ry agin' s  maximum  principle. 

Xquatlons  of  motion  are  derived  for  the  two- 
dimensional  case  in  terms  of  projections 
onto  coordinate  axes  under  the  assumption 
that  the  rookat  la  a  point  of  variable  mass 
moving  in  a  homogeneous  gravitational  field 
and  negLeetlag  the  effect  of  aerodynamio 
femes. 


620.  Notulevieh,  V.  P.,  V.  M.  Yaroshenko,  SnZ  AN  38SR 

and  Yu>  N.  Petrov.  The  effect  of  N.  94-103 

electrostatic  fields  on  convective 
heat  exchange. 

A  theoretical  and  experimental  study  was 
made  in  order  to  oompare  different  quanti¬ 
tative  data  obtained  by  various  scientists 
on  alactrostatlo  fields  and  convective  heat 
exchange.  Speolal  attention  was  given  to  an 
explanation  of  the  nature  of  the  phenomenon 
which  determines  heat -exchange  intensity  due 
to  electrical  convection,  experimental  in¬ 
vestigation  of  the  effect  of  electrical  field 
Intensity  on  heat  exchange,  and  optical  study 
of  the  prooeaa  by  means  of  an  interferometer. 
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630.  OuJbvloh,  A.  V.  Perturbations  In  the  isk  Sp  Ze 

lonoaphara  oausad  by  a  travailing  body.  no.  7 

101-124 

Tha  effeot  produced  by  a  body  moving 
through  a  rarefied,  partially  Ionised 
gas  are  analysed.  Variations  In  the 
neutral  particle  density  near  the  moving 
body  are  oaloulated.  Perturbations  of 
eleotron  and  Ion  densities  are  analysed, 
and  the  resulting  electric  field  value  Is 
determined  with  and  ylthout  taking  Into 
aooount  the  Barth's  magnetic  field. 


631. 


Bodner,  V.  A. ,  and  V.  P.  Selesnev.  Control 
of  the  motion  of  a  body  in  inertial  space. 

In  a  study  of  an  automatic  oontrol  system 
for  programmed  motion  of  a  body  In  an 
Inertial  space,  the  moving  body  la  assumed 
to  be  subject  to  forces  of  thrust,  gravi¬ 
tation,  and  resistance.  Equations  are  de¬ 
rived  for  the  motion  of  the  body  in  an 
Inertial  system  of  ooordlnates  and  for  the 
motion  of  components  In  a  dosed  oontrol 
olroult  (e.g. ,  navigational  systems,  oontrol- 
slgnal  systems). 


ISAM  En  Avt 

no.  4, 
197-807 


632.  Bulev,  V.  A.  Necessary  and  sufficient  con-  izvuz  AvT 

dltlons  for  extremals  In  variational  prob-  no.  1, 
lams  of  aircraft  flight  dynamics.  19-86 

Starting  with  the  four  necessary  and  suffi¬ 
cient  conditions  which  must  be  satisfied  by 
an  extremal  obtained  In  solving  any  varia¬ 
tional  problem  with  given  boundary  conditions 
(satisfaction  of  the  Euler  equations  of 
motion,  the  requirements  on  the  extreme  values 
of  the  WOieretraas  function,  the  Clebsoh  con¬ 
dition,  and  the  Jaoobl  condition),  the  author 
proves  the  reallsablllty  of  the  last  condition 
(the  possibility  of  constructing  a  field  of  ex¬ 
tremals  Around  the  given  extremal),  taking  into 
account  the  special  features  usually  true  of 
variational  problems  of  flight  dynamics.  Ex¬ 
pressions  are  derived  for  the  VOierstrass 
function  for  the  extremals  and  the  Clebsoh 
condition  for  optimal  maneuvers  In  the  verti¬ 
cal  plane. 
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633.  .Biryukov,  Yi.  A.  Theoretical  determination 

of  the  vibratory  notion  of  a  winged  rocket. 

Theoretical  determinations  of  the  vibra¬ 
tory  motion  of  a  winged  rooket  are  pre¬ 
sented  for  the  following  oases:  motion  with 
the  motor  in  operation  for  a  statically 
stable  rooket  and  for  a  statically  unstable 
rocket,  and  for  notion  with  the  motor  not  In 
operation  for  a  statically  stabla  rooket  and 
for  a  statically  unstable  rocket. 


6 3 <4.  Vereshchagin,  I.  F.  Motion  of  a  rocket 

along  a  three-point  path  with  constant 
tangential  acceleration. 

Rocket  motion  at  constant  tangential 
acceleration  along  a  beam  rider  curve  is 
analyzed.  The  rocket  Is  assumed  to  be 
directed  by  llne-of -sight  control  toward 
a  moving  target  so  that  its  center  of 
gravity  is  located  on  a  straight  line  be¬ 
tween  the  control  point  and  the  target. 

The  analysis  Is  limited  to  the  case  of 
straight  horlsontal  target  motion  at  oon- 
stant  speed,  but  the  method  oan  be  extended 
readily  to  more  complex  target  motions. 


633,  Taslnskiy,  F.  0.  The  gliding  range  of  a 
winged  vehicle  at  spaoe  velocities. 

The  use  of  the  kinetic  energy  of  a 
vehicle  moving  at  spaoe  velocity  for 
a  gliding  flight  is  dlsoussed.  The 
gliding  Is  considered  as  quasi-steady- 
state  immersion  In  the  atmosphere  at 
altitudes  of  70-75  km  In  unpowered  flight 
at  orbital  velocity  with  overloads  of 
4  to  5  n,s. 


636.  Mikhaylov,  F.  A.,  and  V.  M.  Strumilov. 

Dynamic  accuracy  in  automatic  longi¬ 
tudinal  stability  control  of  winged 
aircraft  In  disturbed  air. 
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The  accuracy  attainable  in  automatic  con¬ 
trol  (by  an  autopilot)  of  the  dynamic 
longitudinal  stability  of  a  winged  air¬ 
craft  exposed  to  random  wind  disturbances 
is  discussed.  A  qualitative  control  cri¬ 
terion  related  tc  structural  parameters 
of  the  aircraft-autopilot  system  Is  estab¬ 
lished  for  determining  the  degree  of  per¬ 
fection  of  the  system. 


637*  Klimov,  V.  I.  Effect  of  gyroscopic  moments 
of  an  aircraft  engine  on  the  dynamic  char¬ 
acteristics  of  an  airplane. 

It  is  shown  that  gyroscopic  moments  of  the 
engine  can  affect  considerably,  and  even 
deteriorate  the  control  characteristics  of 
a  modem  airplane  (with  a  reaction  engine), 
so  that  in  some  cases  special  automatic 
devices  for  aerodynamic  balancing  of  gyro¬ 
scopic  moments  will  be  warranted. 


Chakalev,  K.  N.  Heating  of  a  plate  In  the 
process  of  ablation. 

An  approximate  solution  is  obtained  for 
the  problem  of  heat  transfer  during  the 
melting  of  an  infinite  plate,  with 
ablation  of  the  liquid  phase.  Relation¬ 
ships  are  obtained  for  determining  the 
rate  of  advance  of  the  melting  front  and 
the  flow  of  heat  into  the  solid  part  of  the 
plate  from  a  given  temperature  variation 
with  time  at  some  point  irside  the  plate. 


ojj.  Makarov,  0,  P.  Optimality  of  multistage 
rookets. 

An  Investigation  la  made  of  optimality 
oondltlons  for  multistage-roeket  motion 
In  force- free  and  gravitational  fields. 
The  problem  of  establishing  optimality 
oondltlons  Is  reduced  to  determining  ratios 
of  component  masses  at  which  the 
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attiln— nt  of  a  given  velocity  by  an 
n-stage  rocket  la  anaurad  and  whloh 
minimise  a  (Iran  parfomanoa  funotlon- 
al.  exponential,  linear,  and  linear 
fractional  lam  of  mass  expenditure  are 
considered. 


b'ti).  Ivanov ,  Tu.  N.  Optimum  power  variation  In  PNMe 

the  notion  of  a  variable-mass  body  in  a  v.  26.  no,  4 

a  gravitational  field,  780-762 

Under  the  assumption  that  the  Initial 

total  relative  weight  of  the  power 

souroe  and  fuel  Is  known,  the  following 

variational  problems  are  solved*  to 

determine  the  laws  of;l)  optimum  continuous 

deorease  In  the  relative  weight  of  a  power 

souroe,  and  2)  aoooleratlon-veotor 

variations  oaused  by  reactive  thrust, 

whloh  ensure  the  minimum  time  of  motion 

between  two  given  points  In  phase  space, 

A  system  of  equations  with  a  aat  of  boun¬ 
dary  conditions  describing  the  problem 
Is  wrltton. 


o'U.  Tokarev,  V,  V.  The  effeot  of  a  random  power 
deorease  on  the  motion  of  a  variable-mass 
body  In  a  gravitational  field. 

The  Influence  of  a  random  stepwise  deorease 
of  souroe  of  power  oaused  by  damage  to  Its 
sections  on  the  motion  parameters  of  a  body 
of  variable  mass  In  a  gravitational  field 
Is  studied.  The  oase  when  the  power  souroe 
has  a  large  number  of  autonomous  sections 
Is  analysed. 


PMMe 
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642.  Oetoslavskly,  I.  V. ,  and  I.  V.  Strasheva.  Plnamlka 

Dynamics  of  flight.  Aircraft  traject-  poleta 

orles. 

This  book  contains  methods  for  determining 
the  flight  trajectories  of  aircraft 
(airplanes,  guided  missiles,  ballistic 
rockets,  rocket  planes).  The  trajectory 
optimisation  methods  based  on  application 
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of  the  oaloulus  of  variations  are  discus¬ 
sed.  It  la  a  textbook  for  atudanta  of 
the  higher  aaronautloal  aohoola. 


b-tj,  II1  In,  V,  A.  Transfer  of  a  apaoe  vehicle  inZh 

decelerated  In  a  planetary  atmosphere  Into  v.  3,  no.  2 
a  satellite  orbit.  203*206 

In  discussion  of  this  problem  It  la  assumed 
that  the  gravitational  field  of  the  planet 
Is  a  central  Newtonian  field  and  that  the 
atmospheric  portions  of  the  braking  ellipses 
are  small  In  comparison  to  the  total  orbit. 

The  additional  thrust  Impulse  neoesaary  to 
transfer  the  vehicle  from  an  elllptloal 
orbit  Into  a  given  circular  orbit  Is  deter¬ 
mined. 


Orodzovskiy,  0.  L.,  YU.  N.  Ivanov,  and  InZh 

V.  V.  Tokarev.  Mechanics  of  low-  t.  3*  no.  3 

thrust  space  flight  (l).  59&-015 

The  following  toplos  are  discussed  In 
the  first  artiole  concerning  the  mechan¬ 
ics  of  low- thrust  apaoe  flight:  l)  formu¬ 
lation  of  the  problem  of  flight  mechanics 
of  vehicles  equipped  with  solar  sails, 
their  weight  ratios,  transfer  trajectories 
between  planetary  orbits,  and  escape  from 
gravitational  fields j  2)  general  formulation 
of  the  optimization  problem  In  the  flight 
meoh&nlcs  of  low-thrust  space  vehloles, 
their  optimum  weight  ratios  for  the  simplest 
modes  of  motion  and  a  perfectly  controlled 
propulsion  system  (its  optimum  weight  pro¬ 
portions  and  power  oontrol) .  Seventy- three 
Soviet  and  non-Soviet  references  are  given. 


64t>.  Qrodsovskiy,  0.  L.,  Yu.  V.  Ivanov,  and 
V.  V.  Tokarev.  Mechanics  of  low-thrust 
space  flight  (2). 

The  following  toplos  are  discussed  In 
this  artiole  on  low- thrust  space  flight 
mechanics:  optimum  trajectories  and 
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acceleration  rooters  produced  by  thrust 
In  foroe-free  and  oonfcral  field*,  the 
parameters  of  *  low^thrust  perfectly 
controlled  propulsion  system  In  optimum 
trajectories.  The  nonoont rolled 
propulsion  systems  end  optimum  trajec¬ 
tories  with  constant  and  variable  ac¬ 
celerations  produced  by  thrust  are 
discussed.  Forty-three  Soviet  and 
non-Soviet  references  are  given. 


645a  Beletskly,  V.  V.  Libration  of  a  satellite  In  Isk  Sp  Z* 

an  elliptic  orbit.  46-5b 

Small  forced  oscillations  of  a  satellite  In  the 
plane  of  its  orbit  fcaused  by  the  eDlipticity  of 
the  orbit)  around  its  center  of  rr.ass  are  lovoBtlfftted, 
especially  with  respeot  to  resonance  effects. 


646.  Osushus,  B.  V.  An  Investigation  of  a  isk  Sp  Ze 

oertaln  mode  of  aelf-lnduoed  oaollla-  no.  16 

tlons  of  a  spaceship.  57-67 

Plane  self-induced  oscillation*  in  motion 
of  a  spaceship  controlled  by  an  Impulse- 
type  automatic  system  are  discussed.  It 
la  assumed  that  the  directional-deviation 
sensors  of  the  spaceship  have  a  dead  sons 
on  whose  boundaries  oonstant-lntsnslty 
short-duration  oontrol  Impulses  are  produeed 
by  servos  and  that  the  perturbance  moments 
acting  on  the  vehicle  In  flight  are  of 
constant  magnitude  and  direction. 


647.  *ur»ye,  A.  I.,  and  M.  K.  Cheremkhin. 
The  motion  of  a  bulbs  point  under  a 
small  transverse  thrust  in  a  gravi¬ 
tational  field. 


Isk  Sp  Ze 

no.  16 
246-251 


The  motion  ex'®!  aerospace  vehicle  (treated 
5?  1x1  a  oentral  gravitational 

flsld  with  a  small  transverse  thrust  Is 
•discussed.  It  Is  shown  that  by  introduction 
bf  a  correction  member"  with  a 
factor  c*  (e-la  the  thrust- to  gravity  ratio) 

3n  the  equations  of  motion,  a  more  exact 
computation  of  the  trajectory  can  be  obtained. 


-  198  - 


o «i  B .  Lebedev,  V.  N. ,  and  B.  N.  Rumyantsev.  isk  Sp  Ze 

Variational  problem  of  the  transfer  no,  16 

between  two  points  in  a  central  252-25© 

[gravitational]  field. 

The  plane  problem  of  the  minimum- time 
transfer  of  a  spaceship  between  two  points 
In  a  oentral  gravitational  field  Is 
studied  under  the  assumptions  that  aooel- 
eratlon  (due  to  the  thrust)  la  constant 
and  that  dlstanoes  between  the  points  and 
ths  gravitation  oenter  are  given.  Trans¬ 
fers  between  two  olreular  orbits  and  from 
a  point  to  a  given  orbit  are  considered. 


o  /( j .  Taras  or,  Ya.  V.  On  optima  aircraft-  izvuz,  AvT 

motion  regimes.  no.  3 

Jkm||2 

The  selection  of  a  characteristic 
of  the  throttling  of  the  engine  of  an 
aircraft  In  motion  In  whloh  one  of 
the  oharaoterlstlos  of  motion  (e.x. 
velocity,  altitude  range,  weight; 
reaches  Its  extremal  value  is  dis¬ 
cussed. 


oijo.  Kozhevnikov,  Yu.  V.  On  selecting  the 
optimal  control  of  aircraft. 

•The  problem  of  selecting  an  optimum 
control  system  for  an  aircraft  Is 
generalized  with  consideration  of 
oharaoterlstlos  of  oontrols.  The 
motion  of  an  aircraft  about  Its 
oentrold  Is  taken  Into  acoount,  and 
the  Pontryagln  maximum  principle  Is 
used  In  formulating  optimization  criteria. 
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6bi.  Koemoden'ygeskiy,  A.  A.  Variational 
problems  of  orbital-airplane  dyna¬ 
mics. 
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The  optimum  ndaia  of  olroular  orbital 
Motion  of  an  airplane,  equipped  with  a 
liquid-  fuel  rocket  englm.  at  high 
velocities  (X  >  10)  and  altitudes  of  « 
60  to  100  loo  aro  diaouaaod  with  enpba- 
ala  on  the  offoot  of  aerodynamic  feroee 
on  the  notion  parameters. 


•  Nel'ts,  Z,  0.  Tho  optimal  aorodynanlo 
maneuver  for  changing  tho  orbital 
piano  at  nesr-elroular  velocities. 

Tho  variational  problem  of  optimising  tho 
velocity  loos  during  aorodynanlo  maneu¬ 
vering  at  small  angles  of  tho  trajectoz7 
with  the  local  horlson  is  considered, 
Equations  for  three-dimensional  motion 
or  a  lifting  vehicle  as  a  point  mass  aro 
written,  Tho  optimum  oontrol  of  tho  angle 
of  attaok,  lift-drag  ratio#  and  banking 
angle  aro  discussed  and  the  existence  of 
an  optimum  flight  regime  with  almost 
constant  angles  of  attaok  and  of  banking 
for  the  maximum  lift-drag  ratio  Is  shown. 


ojj.  Ioslovioh,  I.  v.  on  tho  problem  of 
optimal  rocket  trajectories. 

The  problem  of  determining  the  final 
mass  for  the  given  time  and  vice  versa# 
for  flights  In  horisontal  and  verti¬ 
cal  planes  is  discussed. 


o;'i.  Smol'nlkov#  B.  A,  Optimum  regimes  of 
retarding  the  rotary  motion  of  a 
symmetric  body. 

Two  methods  of  braking  the  angular  motion 
of  a  symmetric  body  by  a  system  of  jet 
nossles  are  dlsoussed:  braking  in  the 
shortest  time,  and  braking 
minimum  fuel  consumption.  The  problem 
le  reduced  to  programing  the  optimum 
thrust  of  Jet  nossles  by  using  Pon  try  agin' s 
maximum  principle • 
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Pol'skiy,  N.  I.,  and  0.  M.  Shchegolev. 
Isothermal  flow  of  oonduotlng  gas  In 
ohannsla. 

Ths  author  dsrlvsd  In  dlmsnslonlsss  fora, 
by  variational  moans,  relations  for  the 
extremal  values  of  the  power  generated  by 
the  stream,  the  pressure  ratio,  and  the 
elect ric  field  intensity.  The  effects  of 
the  lnduoed  magnetic  field  (the  magnetic 
Reynolds  number),  of  the  pressure  depend¬ 
ence  of  the  oonduotlvity,  and  of  frlotlon 
are  also  taken  into  account.  It  is  pointed 
out  that  for  isothermal  flow  with  constant 
veloolty,  the  dimensionless  field  intensity 
is  a  measure  of  the  thermal  effiolenoy  and 
that  the  dimensionless  pressure  ratio  is  a 
measure  of  the  channel  broadening. 
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t>56.  Tagorov,  V.  A,  Ob  tha  solution  of  a  degenerate  varln-  FHM* 

tional  problem  and  tha  optimal  climb  of  a  apace  t.  22,  a o.  1 

rockat.  16-26 

This  article  sir**  a  solution  of  Mayer 'a  problem  for 
Pfaff 'a  aquation  with  on*  fraa  function.  Th#  aolstlon 
la  uaad  for  aalaotlaf  tha  fora  of  tha  rocket  trajectory 
which  yields  aarlaua  rata  of  ollab  to  a  given  altitude. 


I960 

657 .  Gorelov,  Tu.  A.  (Moscow).  Two  classes  of  plane  axt renal  TfW 

motion  of  a  rockat  In  a  vacuum.  ▼.  2k,  no.  2 

y»3oe 

The  conditions  governing  tha  ext  renal  (in  relation  to 
tine  and  nans  conception)  notion  of  a  rockat  along  a 
curvilinear  trajectory  ere  studied.  Tha  problem  of 
plana  notione  la  solved  separately  la  tha  borlaontal 
and  vertical  planes,  assuming  that  no  effeet  la  pro¬ 
duced  by  aarodynenl c  force. 


Krotov,  V.  P.  Optlaal  conditions  for  borlaontal  fll^t 
of  an  aircraft. 


1*1 
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The  author's  theory  of  discontinuous  solutions  of  na¬ 
tional  problems  la  applied  to  the  study  of  optimal  threat 
programming  of  the  borlaontal  flight  of  an  aircraft  to 
achieve  the  maximum  flying  mage.  The  solution  of  the 
problan  la  reduced  to  detomlnlng  frcn  the  clans  of  ex¬ 
tremals  v  -  v(n)  (v  being  the  velocity  and  n  the  Instan¬ 
taneous  ness  of  the  aircraft),  passing  throutfi  tbs  initial 
and  final  points  (no,  v0),  (h*,  v*)  of  the  flight,  an  ex¬ 
tremal  v  -  v(n)  for  which  tha  integral  defining  the  fU#t 
range  of  the  aircraft  has  an  absolute  maximum.  When 


thrust  P  is  a  nonlinear  function  of  fusl  consumption  it 
la  shown  that  tha  asnrlaiai  flight  nags  can  bo  achieved 
for  special  (type  a)  extremals  which  art  different  from 
ordinary  continuous  extremals  and  cannot  bo  found  by  ealag 
classical  variational  methods. 


Tr 


659.  Maw  ejection  aeats  and  emergency  capsules . 

lav  models  of  ejection  (at  2k,000  kn/hr)  seats  pro- 
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no.  3 
8-h 
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662. 


t«ctM  by  a  barattlcally  closed  capsule  have  been 
developed  with  the  explosive  charge  replaced  by  a 
rocket  engine.  The  capsule  is  provided  with  a 

wStl  and  rjSt*-  *l8tr**nC3r  prOYi,l0M»  °*yi*a"squip- 


T Iraki y,  O.A.  Ablation  of  the  leading  edge  of  a  swept*  ZhMeTP 
back  wing  In  hypersonic  flow. 

Thermal  disintegration  of  the  leading  edge  of  a  swept* 
back  wing  In  hypersonic  flow  Is  studied.  Equations 
describing  the  disintegration  process  and  an  approxi¬ 
mate  formula  f«  i  the  ablation  rate  are  presented. 


1962 

L.  0.  Vvedenskiy  and  A.  I  ,  Peshkova,  Ro.  147097.  Authors  Sisobr. 
certificate  In  aviation.  no.  9 

Controllable  parachute  with  slit-type  canopy.  For  im¬ 
proved  utilisation  of  the  reactive  effect  during  control 
of  the  canopy,  the  slits  are  made  along  a  straight  line 
from  the  lower  edge  of  the  apex  with  a  vent  In  the  lower 
edge  of  the  canopy.  The  Slower  edge  near  the  vent  Is 
tightened  by  a  double  cord  with  a  sliding  attachment  which 
makes  control  possible  by  palling  up  one  section  of  the 
lower  edge  with  a  control  cord. 


Sl'yasberg,  P.  Te.  Determination  of  an  orbit  from  two 
positions. 

A  full  analysis  of  the  determination  of  the  nonperturb* 
ed  orbit  of  a  cosmic  body  from  two  given  positions  is 
presented.  Considerable  attention  is  devoted  to  the  ex¬ 
istence  and  the  uniqueness  (or  nultlvalence)  of  the 
solution.  Determination  of  the  fora  of  on  orbit  is 
analysed  for  A#  <  2w  and  4*  >  2 ■*.  Particular 
cases  of  orbit  determination  when  Dp,  cp,  and  0  are 
located  on  a  straight  line  are  studied.  All  possible 
versions  of  determining  orbits  from  two  given  points 
for  given  A*  sad  At  values  are  presented  In  thbles. 
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66*1 . 


666. 


666. 


Klilikf  M*  D.  An  ifi&lytii  of  tht  Integrals  of  tbt  6^ut> 
tions  of  notion  of  an  artificial  earth  aatellite. 

An  analysis  is  Bade  of  the  exact  Integrals  of  the  equa¬ 
tions  of  notion  derived  earlier  by  the  author  and  put 
into  a  fora  convenient  for  high-speed  conputers  for  an 
artificial  earth  aatellite  in  a  nomai  gravitational 
field  in  the  general  case  of  notion;  only  orbits  of 
real  satellites  are  taken  into  consideration*  This 
nethod  reduces  conputer  tine  by  15  to  20  tines  aa  con- 
pared  with  nwnerical  integration  vlth  the  me  accuracy. 


IskSpZe 

no.  13 
25-52 


BeL&skty,  v.  V.  Orbit  of  equatorial  earth  satellite. 

The  properties  of  the  equatorial  trajectory  of  an  arti¬ 
ficial  earth  satellite  and  the  effect  of  the  behavior 
of  osculating  elsnents  (the  longitude  of  the  perihelion 
and  the  edcehtrldty)  or  the  orbit  on  the  notion  of  tee 
satellite  are  studied. 


Illarionov,  V.  7.,  and  L.  M.  Shakadov.  The  rotation  of  MU 
the  circular  orbit  of  a  satellite.  v.  a 6,  no.  1 

15-21 

The  notion  of  a  body  along  a  circular  orbit  under  the 
action  of  a  transverse  fpree  la  studied,  tee  syatsn 
of  equations  of  the  notion  of  a  nasa  point  in  the 
central  gravitational  field  vas  taken  and  the  initial 
conditions  are  established  on  the  assumption  that  the 
circular  orbit  of  a  nonperturbed  notion  is  located  in 
the  equatorial  plane.  General  expressions  for  deter- 
nlning  the  declination  angle  of  the  plane  of  the 
satellite  orbit  fron  the  equatorial  plane  (of  nonpar  - 
turbed  notion)  are  derived  in  terns  of  transverse  force 
and  of  satellite  velocity  attained  after  exhaustion  of 
the  propellant. 


Brykov,  A.  V.  Bstinatlng  the  effect  of  correlation 
between  aeasureaenta  of  the  accuracy  of  processing 
results. 

The  present  study  is  regarded  as  the  first  step  in 
date  raining  the  influence  of  the  neasureaeat  corre¬ 
lation  (the  interdependence  between  neaeurenent  er¬ 
rors)  on  the  processing  accuracy.  A  nethod  for 
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processing  such  data,  s  procedure  for  estimating  the 
processing  sc  curacy,  and  a  method  of  selecting  the 
scope  end  character  of  the  optimal  measurement  infor¬ 
mation  are  described  in  detail, and  quantitative  esti¬ 
mates  of  the  effect  of  measurement  correlation  on  the 
accuracy  of  final  results  are  discussed* 


667.  Charnyy*  I*  On  optimal  trajectories  with  many 
Impulses. 

The  plane  problem  of  the  motion  of  material  point  In  a 
single-center  Newtonian  gravitational  field  has  been  in¬ 
vestigated  under  the  assumption  that  Instantaneous  velo¬ 
city  Impulses  may  be  Imparted  to  the  point  at  certain 
discrete  momenta  of  time,  and  that  concentric  rings 
emanate  from  the  center  of  gravity  through  which  the  op¬ 
timal  trajectory  can  pass  only  after  certain  conditions 
have  been  fulfilled. 


6b 8.  Bezgin,  L.  S. ,  and  M.  I.  Ivashchenko. 

Approximate  designing  of  protective 
shielding  against  meteors. 

A  method  of  designing  a  protective  mantle 
over  a  apace  vehiole  to  protect  it  against 
meteorltlo  impacts  is  presented.  The 
method  is  based  on  the  idea  that  both  the 
meteorite  and  the  mantle  evaporate  at 
impaot.  Approximate  estimation  of  the 
mantle  thlokness  and  of  the  gap  between 
the  mantle  and  the  wall  of  the  vehicle 
is  discussed. 


6b9.  Jttrolyubov,  0.  Shock  absorbing  methods  in  manned 
spaceships . 

In  an  article  dealing  vith  reentry  and  impact  over¬ 
loads,  0.  Mlrolyubov,  a  physician-physiologist,  states 
that  reentry  overloads  are  more  difficult  to  vlthstond 
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than  injection  overloads.  Extensive  experiments  with 
mn  immersed  in  a  tank  of  water  indicated  that  under 
these  conditions ,  Muscle  tonus  and  strength  are  reduced 
and  cardiovascular  activity  is  sharply  disrupted.  8ince 
it  is  these  very  organs  that  resist  overloads,  it  is 
necessary  to  he  particularly  accurate  in  determining 
tolerable  overload  forces  in  reentry. 


oyj,  Koshevnikov,  Yu.  V.  Opt  ini  ration  of  the  flight  re  glees  I*VUZ  AvT 

and  parameters  of  eul tl stage  rockets.  no.  3 

11-20 

The  solution  of  the  variational  problem  for  the  notion 
of  a  Multistage  rocket,  under  the  assumptions  that  the 
stage  number  is  given,  th_  trajectory  consists  of  active 
and  passive  sections,  and  the  stage  separation  takes 
place  at  rero  relative  velocity,  yielded  a  generalised 
equation  for  the  optima  mass  distribution  in  the  Individ¬ 
ual  stages.  Calculation  of  the  optimum  mass  distribution 
for  maximum  flight  range  yielded  expressions  which  show 
that  the  angle  between  the  thrust  vector  and  the  horlson- 
tal  coordinate  remains  constant  along  the  entire  trajec¬ 
tory,  even  when  air  resistance  la  taken  into  account. 


671.  Ak±n  EJj.,  and  qyyj.  She  ye v.  Determination  of  parmneters  of 
of  the  notion  of  a  spaceship  from  trajectory  meeaure- 
nents. 

A  statistical  approach  is  used  to  solve  the  problem  of 
determining  the  unknown  parameters  characterising  the 
motion  of  a  spaceship  on  the  basis  of  measurement s 
carried  out  at  certain  Instants.  By  applying  the  method 
of  likelihood,  the  problem  is  reduced  to  the 

solution  of  a  system  of  nonlinear  equations  to  which 
Jfevton'e  method  and  the  method  of  steepest  descent  are 
applied.  A  series  of  inport  ant  problean  connected  kith 
estimating  the  accuracy  of  predicting  the  notion  of  a 
spaceship  from  the  processed  data  of  trajectory  measure* 
nents  is  studied,  and  certain  algorithms  for  estimating 
are  derived. 


K.osLq.1 

V.  l,  no.  1 

5-50 


o72,Yarov-Tarovoy,  M.  5.  .On  the  solution  of  the  Euler- 

Lambert  equation  for  transfer  orbits  which  are  close 
to  Hohnann  ellipses. 
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A  transfer  trajectory  along  the  unperturted  orbit  be¬ 
tween  two  terminal  points  (the  starting  and  finishing 
points)  is  studied.  A  solution  of  the  Euler-Lasibert 
equatlna  is  sought  for  transfer  orbits  which  are  close 
to  Hohmana  ellipses.  An  iterative  Method  for  determin¬ 
ing  the  root  aj  with  the  necessary  accuracy  is  described. 
From  the  value  of  ni,  the  senlaajor  axis  and  other  param¬ 
eters  of  the  transfer  orbit  are  calculated.  As  an 
example,  determination  of  the  seel major  axis  of  the  unper¬ 
turbed  orbit  for  transfer  between  the  location  of  Barth 
on  13  September  1962  end  the  location  of  Venus  on 
22  December  1962  is  presented. 


1964 

672a.SagonDnyan,  A.  Ya,,On  the  problem  of  Interaction  U7V7T  USSR 

between  bodies  at  very  hir;h  velocities.  v,  156,  no.5 

1053-1056 

The  mechanism  of  impact  of  a  body  of  small  mass  on  a 
body  of  large  mass  at  speeds  of  the  oraer  of  5  to 
10  km/sec  is  discussed  with  the  aid  of  an  impact 
model  which  makes  it  possible  to  determine  the 
basic  parameters  of  the  impact  process. 


GROUP  D  STRENGTH  OF  SPACE  VEHICLE  COMPONENTS 

Static  Stress  and  Strain  Analyses 
Minimum  Weight  Design 
Load  Carrying  Capacity 
Thermal  Stresses  and  Strains 
Buckling 

Dynamic  Stresses  and  Strains 
Dynamic  Stability 
Vibration  and  Flutter 
Ae roe least iclty 
Ae  rot  hemodynamics 
Liquid-Filled  Bodies 


SECTION  D  -  STRENOTH  OP  SPACE  VEHICLE  COMPONENTS 


673*  Carafoll,  2.  (Institute  of  Applied  Mechanics,  Aril  NsSt 
Buoharect),  end  S.  Ssndulssou  (institute  of  no.  6 
Applied  Mechanics,  Bucharest).  Harmonic  771-782 

vibration  of  ailerons  of  general  fora  under 
supersonic  conditions* 

The  motion  of  triangular  wings  oscillating 
harmonically  in  supersonic  flow  Is  Investi¬ 
gated.  The  harmonic  oscillations  of  an  ailer¬ 
on  are  considered  as  a  special  oase  In  which 
the  problem  Is  reduced  to  the  calculation  of 
motions  of  two  appropriately  selected  tri¬ 
angular  surfaces. 


u7'i.  Shorr,  B.  F.  The  effeot  of  nonuniform 
heating  under  oreep  conditions  on 
changes  In  stress  distribution. 

The  time-dependent  variation  In  stress 
distribution  caused  by  nonuniform  heat¬ 
ing  under  oreep  conditions  Is  discussed 
for  the  uniaxial  state  of  stress,  taking 
strain  hardening  Into  account. 


t>75.  Vorob'yev,  N.  F.  Unsteady  vibration  of  a  thin 
wing  In  supersonic  flows. 

A  finite -span  wing  le  studied  in  an  Infinite 
volume  of  fluid.  The  wing  creates  a  small 
disturbance.  The  problem  Is  linearised  and 
analyzed  according  to  the  general  concep¬ 
tions  of  thin  -  wing  theory. 


67b.  Lebedev,  A.  A.  Application  of  the  "frozen-  IzVU&  AvT 
coefficient"  method  to  Investigation  of  the  no.  1 
stability  of  nonsteady  motion.  11-18 

The  method  of  "frozen  coefficients"  Is  ap¬ 
plied  In  the  simplification  of  linear,  uni¬ 
form,  differential  equations  of  the  dis¬ 
turbed  motion  of  a  dynamic  system.  The 
application  of  the  method  Is  shown  for  the 
calculation  of  free  oso Illations  of  rockets 
of  the  V-2  type. 
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6 77.  Vakhitov*  It.  B.  Design  for  strength  of  a  izvuz,  AvT 

svept-baok  wing  of  monolithlo  construction*  no*  1 

61-68 

The  general  strength  of  swept-baok  wings 
with  thick  akin  stiffened  toy  stringers 
and  flange*  of  riba  la  investigated*  The 
akin  la  abla  to  oarry  normal  and  tangential 
atraaaaa  which  ara  variable  over  lta 
thickness. 


o'/o.  Karavanov,  V.  F.  (Moscow  Aviation  Institute).  XsVUZ*  AvT 
Equations  of  ahallow  sandwich  shall*  with  no*  1 
a  light  oora  undar  flnlta  displacements*  69-77 

Equations  whloh  daserlba  stress-strain 
relationships  of  these  shells  under  the 
assumptions  that  the  face  layers  obey 
the  Klrohhof f  Love  hypothesis  and  the 
core  layer  is  elastic  and  isotropic  are 
presented.  The  flexural  rigidity  of  the 
faces  la  negleoted;  transverse  shearing 
and  compression  strains  of  the  core  are 
taken  into  account* 


6  79.  Kopson.  0*  1*  Vibration  of  a  thin  reot- 
angular  wing  of  high  aspeot  ratio  in 
supersonic  flow. 

Fourth-order  differential  equations 
describing  the  torsional- flexural  strains 
of  a  thin  high- aspect- ratio  reotangular 
wing  in  a  supersonic  flow  are  used  In 
wing's  flutter  analysis.  Expressions  for 
determining  the  frequency  equations  for 
a  wing  in  vacuum  and  In  supersonlo  flow 
are  derived  as  well  as  expressions  for 
dynamic-stability  conditions* 


l'>59 


no*  6 


6bo.  Savulesou,  S.  n.  (Institute  of  Applied  Ns-  StuCeMeAp 
chanics,  Rumanian  AS,  Bucharest).  Cousldera-  v.  9,  no* 
tlons  on  a  solution  of  the  case  of  an  unsteady  867-879 
compressible  boundary  layer. 
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Conditions  art  established  for  the  external 
parameters  of  an  unsteady  compressible  boun¬ 
dary  layer  (velocity  and  temperature  of  the 
external  flow,  and  temperature  at  the  wall) 
In  order  to  extend  the  applicability  of 
the  Croo&o  solution. 


661.  Lyamahev,  L.  N.  The  problem  of  the  reci¬ 
procity  principle  In  acoustics. 

The  results  of  Helmholtz  and  Rayleigh 
In  respect  to  the  reciprocity  principle 
are  extended  to  a  mathematical  formula¬ 
tion  of  the  reciprocity  principle  de¬ 
scribing  the  connection  between  three- 
dimensional  sources  in  an  acoustic 
medium)  certain  external  forces  acting  on 
shells,  membranes,  et  oetera;  and  radia¬ 
tion  fields  created  by  these  souroes 
and  bodies. 


6 62 ,  Oerasimov,  I.  S.  On  a  dynamic  similarity 
problem  for  a  conical  shell. 

An  elastic  conical  shell  subjected  to  the 
action  of  a  moving  load  (constantly  axi¬ 
ally  symmetric  pressure  normal  to  the 
surface  of  the  cone)  which  propagates  at 
a  constant  velocity  from  the  apex  6f  the 
cone  in  the  longitudinal  direction  is 
analysed.  Formulas  are  given  for  the 
bending  moments  and  deformations. 


6b3.  Bolotin,  V.  V.,  Yu.  V.  Gavrilov,  B.  P. 

Makarov,  and  Yu.  Yu.  Shveyko.  Nonlinear 
buckling  stability  of  flat  plates  at  high 
supersonic  velocities. 

Rectangular  plates  at  a  zero  angle  of  at¬ 
tack  are  investigated.  Aerodynamic  foroes 
are  determined  by  asymptotic  formulas 
which  may  be  used  for  velocities  of  M>>1. 
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oo'i.  Vakhitov,  N.  B.  On  determining  the  Lsvuz,  AvT 

natural  modes  and  frequencies  of  no.  1 

a  monolithlo  wing.  16-27 

The  modes  and  frequencies  of  free 
vibration  of  a  cantilever  plate  of 
most  general  type  (anisotropic, 
laminated,  swept -back,  with  thick¬ 
ness  varying  over  the  chord  and 
span)  are  discussed.  Flexural  and 
torsional  vibrations  along  the  ohord 
and  span  are  analysed  by  using  the 
Rite  and  suoeesslve-approxlmatlon 
methods.  Theoretical  and  empirical 
values  of  frequencies  are  oompared. 


.  gan,  S.  N.  (Kharkov  Higher  Military  Aviation  IsVUZ,  AvT 
Engineering  School).  Stress  distribution  in  no.  1 
cylindrical  shells  with  large  cutouts.  32-37 

The  state  of  stress  around  large  cutouts  in 
a  circular  cylindrical  orthotropic  shell 
stiffened  by  stringers  and  frames,  and  sub¬ 
jected  to  transversal  bending  and  torsion 
is  discussed.  Normal  (axial)  and  tan¬ 
gential  forces  in  the  skin,  and  the  bend¬ 
ing  moments  of  frames  (on  their  planes)  are 
analysed. 


bd6.  Oalkln,  S.  I.  (Novosibirsk),  V,  V.  Kabanov  IsVUZ,  AvT 

(Novosibirsk),  and  S.  S.  Lyashenko  (Novo-  no.  2 
slblrsk).  An  experimental  Investigation  of  49-61 
stresses  in  a  stiffened  circular  cylindri¬ 
cal  shell  with  a  large  rectangular  cutout. 

Results  of  an  experimental  investigation  of 
a  shell  under  concentrated  load  are  pre¬ 
sented.  Data  on  normal  and  tangential 
stresses  in  the  open  and  closed  parts  of 
the  shell  are  given  and  compared  with  those 
determined  analytically  by  using  the  V.  3. 

Vlasov  method. 
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6  by,  Slblryakov,  V*  A.  (Moscow  Aviation  Institute).  IsVUZ,  A\T 

Design  of  an  orthotroplo  oonioal  shell  an-  no.  2 

dor  arbitrary  external  loading  by  the  V.  Z.  72-62 
Vlasov  Method. 

States  of  stress  and  of  strain  of  an  ortho¬ 
tropio  oonioal  shell  under  asymmetrical 
loading  are  determined  by  using  V.  Z. 

Vlasov's  theory  for  seal -Membrane  nedlua- 
length  shells.  Squat ions  are  derived  for 
designing  them  and  their  application  is 
demonstrated  by  a  sample  numerical  calcula¬ 
tion. 


b&U.  Slrasetdlnov,  T,  K.  (Kazan'  Aviation  Insti¬ 
tute).  Vibrations  of  a  wing  of  small  as¬ 
pect  ratio  in  a  subsonic  flow. 

The  derivation  of  an  integral  differential 
equation  for  a  wing  oscillating  in  a  sub¬ 
sonic  flow  is  given,  and  an  approximate 
method  for  the  oase  of  small  aspect-ratio 
wings  is  presented. 


669.  Vakhitov,  M.  B.  (Kazan'  Aviation  Institute)  XsVDZ,  AvT 

Design  for  strength  of  an  elastic  monolithic  no.  3 
wing,  24-32 

Stress-strain  relationships  are  discussed  in 
an  elastic  monolithic  wing  with  thick  skin 
stiffened  by  ribs  and  stringers  using  a 
cantilever  anisotropic  plate  as  a  model.  The 
formulas  derived  can  be  also  used  for  deter¬ 
mining  the  wing  loading,  the  aerodynamic 
coefficients  with  consideration  of  the  effect 
of  deformation,  et  cetera. 


090.  Korol  shin,  M.  S.  (Kazan),  and  Kh.  M.  Mushtarl  note 

(Kazan).  An  algorithm  for  the  solution  of  v.  23.  no.  1 
nonlinear  problems  of  the  shallow-shell  159-loS 

theory. 
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A  description  of  ths  algorithm  for  solv- 
lng  a  ays tarn  of  nonlinear  algebraic  equa¬ 
tions  la  presented  and  applied  to  in¬ 
vestigation  of  the  oorutlderable  flexure 
of  a  reot angular,  shallow,  simply  supported 
panel  under  uniform  transverse  loading. 

The  numerical  calculations  were  carried 
out  on  a  St re la  oonputer. 


g*i.  Rakhmatulln,  Kh.  A.  The  propagation  of  slaato- 
plastlo  waves  In  a  half -space. 

An  approximate  method  Is  developed  for 
solving  the  problem  of  elastoplastlc 
waves  propagating  in  a  half-space 
with  normal  pressure  along  the  boundary 
equal  to  sero.  Three  examples  are  ana¬ 
lysed,  and  the  state  of  stress  in  the 
neighborhood  of  the  load  boundary  is 
calculated. 


Ghao,  Hwei-Yuan.  Thermal  stresses  In 
shells  of  revolution  with  variable 

elastic  properties. 

Thermal-stress  analysis  in  sholls  of 
revolution  made  of  a  material  possessing 
a  linearly  time-dependent  Young's  modulus 
and  a  constant  Polaaon  ratio  la 
presented •  The  temperature  gradient  Is 
axially  synnstrlo  over  the  shell  and 
oonatant  along  lta  thickness. 


6 ‘j j .  Carafoll,  2.  (Institute  of  Applied  Meohanlce, 
Bucharest),  and  3.  Sanduleecu  (Institute  of 
Applied  Mechanics,  Bucharest).  Aerodynamic 
characteristic e  of  ailerons  subject  to 
harmonic  oscillatory  motion  at  supersonic 
speeds  (supersonic  flutter). 

Aerodynamic  characteristics  of  ailerons 


-  213  - 


note 

v.  23,  no. 
*19-42* 


Soientia  Slnlos 
v.  8.  no.  * 
383-400 


StuCeMeAp 

v.  10,  no.  1 
13-*0 


6  9  . 


6  J5. 


b9b. 


subject  to  harmonic  oscillatory  motion  at 
supersonic  speeds  was  studied.  Oao  History 
motion  of  a  polygonal  aileron  was  found  to 
be  equivalent  to  that  of  two  triangular 
eurfaoes}  all  forma  of  ailerons  are  calcu¬ 
lable  by  a  specifically  developed  equation. 


I960 

Slobodkln.  A ,  N.  (Mosoow).  Stability  ZBZ FT 

of  an  elaatlo  beam  with  rigid  empennage  v.  27, 

in  a  supersonic  flow.  77-86 

The  stability  of  an  elaatlo  beam  with 
a  constant  cross  section  and  mass 
per  unit  length  with  rigid  empennage 
moving  along  Its  axis  at  high  super¬ 
sonic  speed  Is  Investigated. 


Mouchan,  A.  A.  (Moscow).  The  behavior  of  com-  inSb 
plex  values  in  the  problem  of  plate  flutter.  v.  27 

70-76 

The  results  of  complementary  calculations 
In  the  domain  of  high  supersonic  speeds  are 
given.  These  results  may  be  used  for  in¬ 
vestigating  the  experimental  data  concerned 
with  flutter  of  the  supersonic  aircraft 
structural  covering. 


Bolotin,  V.  V.  (Moscow).  Nonlinear  TnSb 

flutter  of  plates  and  shells.  v.  28 

,  55-75 

Nonlinear  hypersonic  flutter  (hard  and 
soft)  of  plane  and  ourved  panels,  with 
pliable  and  perfectly  rigid  stiffening 
Is  Investigated  In  flows  with  very  high 
Mach  numbers.  Expansion  of  the  middle 
surface  and  buckling  of  the  panel  o&uaed 
by  aerodynamlo  heating  are  taken  Into 
aooount. 


C 


o)7. 

Gerasimov,  I.  S.  (Moscow).  Elastoplastlo 
axlsymmetrloal  strains  In  a  closed  circu¬ 
lar  oyllndrloal  shell. 

InSb 

v.  28 
241-246 

The  elastoplastlo  behavior  of  a  circular 
oyllndrloal  shell  with  plane  bottoms,  sub¬ 
jected  to  a  combination  oft  Internal 
pressure,  radial  compression  of  the  bottoms, 
and  external  pressure  on  the  bottoms  Is 
Investigated.  The  joint  deformation,  th * 
elastic  deformation  of  the  shell,  and 
the  elasto-plastlo  deformation  of  the 
bottoms  are  investigated. 

b'ja. 

Mouohan,  A.  A.  Effect  of  aerodynamic 
t-  damping  on  supersonic  skin  flutter. 

IzAN  MeMa 

Aerodynamic -damping  effects  on  the 
flutter  speed  of  a  circular  cylindri¬ 
cal  shell  moving  axially  In  a  gas  at 
supersonic  speed  and  performing 
additional  axlsymnetrloal  small 
movements  are  discussed.  It  is  shown 
that  the  error  oaused  by  dlsregardli* 
aerodynamic  damping  can  reach 
considerable  values. 

no.  1 
175-177 

b'JJ. 

Horozov,  M.  G.  Acoustical  radiation  of 
cavities  In  a  supersonic  flow  of  air. 

Sohlleren  photographs  of  the  super¬ 
sonic  flow  patterns  over  a  plane  sur¬ 
face  with  cavities  of  various  shape, 
depth,  and  attitude  obtained  In  a 
wind  tunnel  at  M  ■  1.7  and  Re  -  1.2«10^ 
are  presented  and  discussed. 

IsAN  MeMa 
no.  2 
42-46 

700. 

V.  A.  Siblrvakov.  (Moscow  Aviation 

Institute) .  Determining  thermal 
stresses  In  a  conical  shell. 

XzVOZ,  AvT 
no.  1 
72-82 

Elastic  thermal  stresses  in  a  construc¬ 
tionally  orthotropic  circular  conical 

-  215  - 

701. 


702. 


703. 


shell  plaoed  In  a  gaa  flew  ara  determined 
by  using  semimembrane  shall  theory. 
Constant  temperature  ovar  tha  wall 
thickness,  and  a  Modulus  of  slastlolty 
and  a  coefficient  of  thermal  expansion 
whloh  ara  indapandant  of  taaparatura 
ara  assuaad. 


Karavanov.  V.  7.  (Moscow  Aviation  Insti¬ 
tute).  Stability  of  shallow  cylindrical 
light-weight- core  sandwloh  panels  with 
clasped  longitudinal  edges  under  axial 

compression. 

Analysing  the  stability  of  finite- 
length  and  infinite  shells ,  the  effect 
of  transverse  deformation  of  the  core 
is  neglected,  and  the  flexural  rigidity 
of. the  face  layers  is  taken  into  aooount. 


Malakhovakiy,  R.  A.  (Gomel*).  The 
design  of  orthotropic  circular  oonloal 
shells. 

Stress  distribution  is  analyzed  in  an 
elastic  thin-walled  conical  shell 
stiffened  by  stringers  and  frames. 

The  S.  N.  Kan  method  of  designing 
cylindrical  shells  is  generalized. 

The  torsional  rigidity  of  stiffen¬ 
ing  elements  and  ecoentrlolty  of  the 
stiffening  system  toward  the  skin  are 
neglected.  The  equivalent  thicknesses 
and  moments  of  inertia  are  constant  in 
a  cross  section,  but  arbitrarily 
variable  in  the  axial  direction. 


Shchetnlkov,  Ye.  S,  On  the  speed 
of  sound  in  gaseous  media  with 
relaxation  processes. 


IsVOZ.AvT 
no.  2 
50-60 


IzVOZ.Av'T 

no.  2 
61-66 


IzVUZ,  AvT 
no.  2 
110-117 
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The  speed  of  sound  In  a  reacting 
gas  with  vibratory  degrees  of 
freedom  Is  Investigated.  The  oase 
of  a  gas  mixture  consisting  of  part¬ 
ially  dissociated  dlatomio  gases 
with  excited  vibratory  degrees  of 
freedom  Is  considered. 


704.  Rapoport,  L.  D,  (Ufa).  Determining  the  IsVUZ, avT 

free  vibrations  of  non- prestressed  no.  3 

olroular  cylindrical  shells.  43-50 

Natural  frequencies  of  transverse 
vibrations  of  olroular  cylindrical 
shells  of  arbitrary  length  are  ex- 
examined  in  oases  of  simply  supported, 
damped,  and  free  edges  as  well  as 
for  combinations  of  these  boundary 
conditions. 


705.  Manokhin,  D.  0.  (Kazan'  Aviation 

Institute).  Approximate  determination 
of  thermal  stresses  in  thin-walled 
structures. 


IsVUZ,  AvT 

124-134 


A  cylindrical  thin-walled  beam  with 
airfoil  cross  section,  longitudinally 
and  laterally  stiffened.  Is  under 
discussion.  The  temperature  varies 
along  the  contour  of  the  cross 
section,  but  is  constant  over  the 
thickness  of  the  skin  and  stiffeners. 


fot'  Malkina,  R.  L.  (Urals  Polyteohnloal  IsVUZ,  AvT 

Institute).  Forced  vibrations  of  no.  4 

cylindrical  shells.  5X-60 

Forced  vibrations  of  olroular  and  non- 
circular  dosed  cylindrical  shells  are 
dlsoussed.  Pure  flexurd  vibrations 
oaused  by  shaking  forces  normd  to  the 
middle  surface  are  examined,  negleotlng 
the  shell  of  tangential  lnertld  forces. 
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707.  Bolotin,  V.  V. .  (Institute  of  Mechanics,  Pi*te 

Aoadeaqr  of  Solences,  USSR).  The  edge  v.  24,  no*  5 

effeot  In  elostlo  shells  under  vlbra-  831-842 

tlon. 

The  theory  of  the  dynamic  edge  effeot  (for 
example,  clamping)  Is  presented.  Clas- 
slfioetlon  of  various  types  of  the  effeot 
for  shells  with  positive,  sero, and  negative 
Oeusslan  ourvaturea  Is  given.  Methods  for 
evaluating  the  edge  effeot  oharaoterlstlos  in’ 
thm  vlolnlty  of  distortions  are  dlsoussed* 


70,,.  Bubllk,  B.  H. ,  and  V.  I.  Merkulov.  (Kiev). 
On  dynenlo  stability  of  liquid- filled 
thin  elastic  shells. 


PMfe 

k-V°- 5 


The  problem  Is  reduced  to  the  solution  of 
the  energy  equation  by  a  variational 
method,  and  a  system  of  four  differential 
equations  is  obtained  as  a  result.  Dynamlo- 
■tability  analysis  of  a  simply  supported 
circular  cylindrical  shall  filled  with 
liquid  Is  presented  as  an  example. 


70  9.  Carafoll,  E. ,  and  S,  Sandulesou.  Harmonlo 
oscillation  of  tall  units  In  supersonic 
flow. 

The  problem  of  low-frequency  and  small- 
amplitude  oscillation  of  a  tall  assembly 
In  supersonic  flow  Is  reduoed  to  Investi¬ 
gation  of  oertaln  higher-order  conical 
motions.  The  particular  oase  of  osollla- 
tlon  with  subsonlo  leading  edges  Is 
discussed.  The  Interaction  between  verti¬ 
cal  and  horizontal  control  surfaces  Is 
considered. 


y.uC!f.Apno.  3 
557-56« 


710.  Savin,  0.  M. ,  Van-Fo-Ity,  and  V.  M, 
Buyvol. 

A  successive  approximation  method  of 


fiSjrtN  UkrSSR 
no.  11 
1435-1439 
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analysing  the  stress  distribution 
around  two  unequal  olroular  holes  in 
a  shallow  spherical  shell  under 
constant  Internal  pressure  Is  presented. 
The  superposition  of  stresses  In  an 
lntaot  shell  and  of  stresses  oaused  by 
each  hole  Is  used  to  obtain  the  final 
state  of  stress.  A  numerical  example 
and  a  diagram  Illustrate  the  discussion. 


7ll.  Iyubimov,  V.  M.  (Moscow).  Some  exact 
solutions  of  the  problem  of  self- 
sustained  vibrations  of  a  swept-baok 
wing  in  a  supersonic  gas  stream. 

A  bending- torsion  model  (a  cantilever 
beam  of  variable  rigidity  In  bending 
and  torsion)  is  used  for  vibration 
analysis  of  a  swept-baok  oonst ant- 
chord  wing  by  applying  the  piston 
theory  to  aooount  for  the  effect  of 
aerodynamlo  forces,  assuming  the 
oonoidenoe  of  the  flexural  axis 
with  the  line  of  centroids  (of  cross 
sections).  The  particular  oases  of 
pure  torsional,  pure  flexural,  and 
combined  vibrations  are  discussed. 


712.  Klslyagln,  N.  N.  Downwash  produced  by  a 
wing  in  an  unsteady  flow. 

The  conoept  of  coefficients  of  rotary 
derivatives  Is  Introduced  In  a  method 
proposed  for  determining  the  downwash 
produced  by  a  rigid  or  an  elastlo  wing 
of  arbitrary  shape  In  unsteady  flow 
of  an  Ideal  fluid.  Approximate  formulas 
based  on  the  linear  theory  of  flow  are 
derived  for  calculating  aerodynamlo 
forces  and  moments  acting  on  the  wing- 
empennage  system,  taking  Into  aooount  the 
downwash  effect. 


713.  Aabcr tsuay an ,  S.  A.,  Zh.  Ye.  Bagdasaryan. 

Stability  of  orthotropic  plates  In  a 
supersonic  gas  flow. 
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InSb 

V.  31 
171-178 


Is  AN  MeMa 

no.  4 
20-2$ 


XsAM  MeMa 
no.  4 
91-94 


Rotllftiar  flatter  of  a  plate  la  a  taper* 
aoale  flow  la  41aeuss«4.  Tha  Influence 
of  ttniferae  allpa  on  the  character  of 
flatter  la  a«eeante4  for.  The  prohleai  la 
solved  In  Ita  linear  version  by  warlatlon- 
al  aetho4a. 


7114  •  Biryukov,  Ye.  A.  Thooretloal  analysis 
of  osolllatory  notion  of  a  winged 
rocket. 

The  oscillation  of  a  winged  solid- 
fuel  rooket  in  the  vertioal  plane 
caused  by  sons  disturbance  (for 
example,  moving  the  elevator,  switch¬ 
ing  the  engine  on  and  off,  sudden 
changes  in  the  eooentrloity  of  the 
thrust)  in  its  steady  flight  is  die- 
cussed,  assuaing  that  the  angles  of 
Incidence  of  the  wings  and  the  control 
surfaces  are  fixed,  thrust  eccentri¬ 
city  is  constant,  and  the  mass '  and 
centroid  of  the  rocket  do  not  change 
during  the  flight. 


715.  Vakhitov,  M.  B,  (Kazan*  Aviation  Institute). 
Designing  a  monolithic  wing  with  a  set  of 
nonparallel  stringers  for  strength. 

The  strength  of  a  swept-baok  wing  with 
thick  skin,  parallel  ribs,  and  nonparallel 
stringers,  as  well  as  wings  with  a  central 
section  are  under  dlsousslon.  The  previous 
works  of  the  author  (1958)  on  the  strength 
of  wings  with  orthogonal  stiffening 
elements  are  generalised. 


716.  Flf urovikly ,  V.  I.  (Moscow  Aviation  Insti¬ 
tute).  A  design  aathod  for  a  conical  ahall 
clamped  on  a  part  of  ita  cross-sectional 
contour. 
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IzVUZ,  AvT 

no.  2 
3-16 


IzVUZ,  AvT 
no.  2 
47-58 


IaVUZ,  AVT 
no.  2 
67-77 


Tl»«  itrtiMi  la  a  conical  shall,  siniiar 
to  a  wing  with  a  larga  tapar  and  low  aspect 
ratio  stiffened  with  stringers  and  franae 
(on  ends)  are  analysed,  in  the  root  aaetion, 
the  akin  la  clanpad  on  a  part  (about  the 
alddle)  of  the  contour,  the  parts  adjoining 
tha  leading  and  trailing  edges  are  supported 
by  a  rigid  rib.  Tha  shall  la  synnetrleal 
to  ‘tha  horlaontal  Middle  plane  and  has  a 
low  thiekneas-to-depth  ratio. 


717.  Tershov,  V.  V.  Cylindrical  flexure  of  un-  IsVUZ.AvT 
synnetrleal  llght-cora  sandwich  plates.  no.  3 

31-3) 

A  stress  analysis  of  rectangular  sandwich 
plates  in  a  stats  of  slight  cylindrical 
flexure  is  presented.  The  outer  layers 
are  of  different  Materials  and  unequal 
thicknesa;  their  flexural  rigidity  la 
neglected.  The  core  Material  la  not 
resistant  to  longitudinal  forces  and 
bending  nonenta,  and  its  Modulus  of  elas¬ 
ticity  la  far  smaller  than  those  of  the 
outer  layers. 


/id.  Kamozhltskly,  V.  P.  The  effect  of  thermal  Izvuz,  AvT 

stresses  on  the  stability  of  a  sandwloh  no*  3 

wing  panel.  69-77 

The  thermal  buckling  of  aerodynaalcally 
heated  wing  skin,  of  sandwloh  construc¬ 
tion,  between  spars  and  two  neighboring 
ribs  Is  investigated.  The  skin,  free  of 
external  loading,  is  compressed  In  the 
direction  of  the  span  by  uniformly 
distributed  forces. 


719.  Natyushev,  Tu,  S.  Design  for  strength 
of  a  conical  shell  shaped  like  a  low- 
as peot- ratio  wing. 


IzVUZ, 

'»  s 


AvT 
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Ad  analysis  of  ths  strsssss  in  a 

oonstant-thlaknesa,  tapered,  thin 
ahsll  with  ths  ahapa  of  a  low-aapeot- 
iDtla  vine  la  presented.  Equation  art 
4«*lvsd  by  wains  Vlasov's  variational 
■athoS  naatoj  unlfton  strata  distri¬ 
bution  ovar  tha  thlahnaaa  of  ths  shall. 


720. 


Our'yev,  S.  X.  Calculation  of  cylindrical 
and  prismatic  ahalla  by  tha  method  of  die* 
orate  on known*. 


XaVOl  AvT 
no.  3 
IS 3-134 


An  ampineerlng  method  1*  praaontad  for 
calculating  thin-wallad  ahalla  of  arbi¬ 
trary  aroaa-aaetion  (open  and  closed,  long 
and  abort),  with  eonatant  or  variable  wall 
thiekneas.  This  method  consist*  in  assigning 
a  finite  number  of  degrees  of  freedom  to 
a  transverse  shall  a  lament  and  an  infinite 
number  of  degrees  of  freedom  to  a  longi¬ 
tudinal  clamant.  The  unknown  state  of 
stress  la  approximated  in  the  form  of  two 
statue i  1)  the  principal,  determined  by 
the  elementary  theory  of  thin-walled  strips { 
and  2)  the  aeeondary,  investigated  by  an 
energy  method,  with  the  use  of  Castlgllano' s 
variation  principle. 


721.  Xl'gamov,  M,  A.  (Kagan').  Forced  vibrations  IsVUZ*  AvT 
in  shallow  sandwich  panels.  no.  4 

58-65 

An  analysis  of  forced  vibrations  In  a  shal¬ 
low  rectangular  simply-supported  sandwich 
panel  with  a  symmetrical  structure  is  pre¬ 
sented,  taking  into  account  the  energy 
dissipation  in  the  cone  only,  which  is 
assumed  to  be  absolutely  plastic  in  its 
plane  but  incompressible  over  its  thick¬ 
ness. 


722.  Vmkhltov,  N.  B.  On  the  investigation  of 
stress  distribution  in  monolithic  wings. 

Effect  of  nonuniformity  in  location  and 


IzVUZ,  AvT 

no.  4 
186-131 
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strength  of  stringers  (or  a pars)  along 
tho  ©herd  of  the  wing  on  the  stress 
distribution  In  skin  is  dlsoussod  in  oasos 
of  straight,  swept-baok,  and  triangular 
wings.  She  offset  of  location  of 
(elastic)  axis  on  stress  distribution 
In  skin  along  the  span  Is 
eaeh  of  above  oases. 


7 23.  Gabrll’yants ,  A.  G.  ,  and  V.  X.  Ptdoa'jriv,  PKMe 

Axliyautrleal  equilibrium  configurations  v,  23,  no.  I 
of  unlforely  eoapranad  spherical  shells.  1091*1101 

Tho  buckling  behavior  of  on  clastic  shallow 
spherical  shell  under  unlforn  external  pres* 
sure  Is  discussed.  The  solution  obtained 
Is  Independent  of  the  R/h  ratio.  A  dlaan* 
slonless  preasure  paraneter  and  the  rale* 
tlve  local  deflection  are  used  to  Illus¬ 
trate  graphically  tha  pressura-def oreatlon 
relationship.  A  critical  review  of  Soviet 
and  non-Soviet  data  on  this  problee  Is  gi¬ 
ven. 


724,  Petre,  A.  0.,  Stanesou,  C.,  and  L. 

Lib re sou.  (Physios  Institute, 
Rumanian  Aoademy  of  Soienoes). 
Aeroelastlo  divergence  of  nultlcell 
wings  taking  their  fixing  restraints 
into  aooount. 


no,  6 


Aeroelastlo  dlvergenoe  of  lifting 
surfaoes  of  constant  oroas-seotlon 
is  analysed  with  consideration  of  the 
span-wise  variation  of  the  twisting 
*o*ent  as  well  as  the  effeot  of  re¬ 
straints  at  the  root  oross  seotlon. 


725.  Kan,  S.  N.  The  strength  of  closed  and  open  RaPno,  Sb 

cylindrical  shells,  bo,  § 

f*.  1961 

An  approxleete  method  Is  presented  for  the  213-246 
design  of  cylindrical  and  prlsnatlc  shells 


d 


726. 


727. 


726. 


of  iUh4  and  open  aroaa  aactloaav  stiffen' 
by  diaphragms  rigid  ia  chair  ow a  piaaaa. 
Tha  transverse  loadUg,  longitudinally  atd 
laterally  variable*  may  ha  alchar  eeatia* 
Mil  ar  byeemeeat rated  loads  (aa  a  par* 
dealer  aaaa).  Tha  aappart  conditions  ara 
arbitrary. 


Aksel'rad,  I.  L.  Large  axlsyanet rlcal  da*  RaPro*  Sb, 

flections  of  a  heated  shallow  ehall  of  ao.  I 

revolution  under  loading.  M.  1961 

275-578 

The  ■eaeral  problem  of  determining  large 
def leetloaa  under  transverse  axiayamet- 
rieal  loading  of  a  ehall  with  cha  elas¬ 
ticity  modulus  and  Poisson's  ratio  vary¬ 
ing  along  tha  thlehneaa  of  tha  shall* 
causing  a  variable  thermal  expansion  in 
that  direction  during  heating,  la  con¬ 
sidered.  Tha  deformations  ot  a  simply 
supported  shell  of  arbitrary  profile, 
with  and  without  a  hole  at  tha  top, 
determined  by  a  quadrlnomlal  ara  In¬ 
vestigated.  The  approximate  Aubnov- 
Galerkin  method  is  uaad  to  study  tha 
large  axleymmetrlcal  deflections  of  a 
shall  under  these  conditions. 


VeLUMMeAs 
no.  5 
60-45 

A  brief  survey  of  investigations  on  flutter 
is  presented.  Tha  problem  is  stated  on  tha 
basis  of  A.  A.  Xl'yushln's  law  of  plane 
sections  for  supersonic  aerodynamics. 


Ogibalov,  P.  M.  (Department  of  Elasticity 
Theory,  Moscow  State  University).  Tha 
problem  of  flutter  of  shells  and  panels. 


Tskhovrebadze,  D.  S.  Designing  oiroular 
cylindrical  shells. 

An  analysis  of  the  stress-strain 
relationships  of  very  thin  shells 


1962 

AN  QruzSSR 

Soob. 

v.  28.  no. 
641-6(8 


-  224  - 


(where  the  thioknesa-to- radius  ratio 
la  negligible  In  comparison  to  unity) 
begins  with  a  system  of  equilibrium 
aquations  of  an  slastlo  body  In  non* 
dimensional  ooordlnatas.  fiy  applioatlon 
of  X.  N.  Vacua's  as t hod  of  reduolng  tbs 
three-dimensional  problem  to  a  plana 
problem,  tbs  rslatlonshlps  among  tha  so- 
oallad  moments  of  component  stresses, 
strains,  and  displacements  ars  obtalnad 
lnstaad  of  tbssa  quant It las  themselves. 


72-j.  Palley,  !•  Z.  Tbs  affaot  of  tha  history  of 
loading  on  stats  of  atrass  In  two-layer 
shall s. 

An  lnvastlgation  is  mada  of  tha  lnfluanea 
of  saquanoa  In  tha  applioatlon  of  component 
loads  (e.g.,  hasting  and  pros sura)  to  a 
two-layer  shall  beyond  tha  proportional 
Unit  on  tha  stress-distribution  pat  tarn. 


AN  LatSSR 
ZAtNs!  8b 
no.  9 
115-186 


73^«  Lebedev,  Yu.  A.  Tha  slnplast  oasas  of 
structural  damping  in  Joints  of  thin- 
wallad  members. 

Tha  dissipation  of  vibrational  anargy 
lntarfaolal  Coulomb  slip  damping  in 
skin  Joints  with  baan  flangas  or  stif- 
fanars  Is  dlsoussad.  Tha  rigidity 
affaots  of  alastlo  Joining  elements  (e.g., 
rlvats  or  fltted-body  soraws)  Is  taksn 
Into  oonsldaratlon. 


AN  LatflSIt 
I AvMs,  8b. 
no.  9 
5-14 


731.  Broude,  B.  N.  Praotloal  methods  of  shall 
design  for  stability. 

Tha  davalopmsnt  of  praotloal  methods  for 
use  In  analysing  tha  buokllng  strassas 
and  orltloal  loads  In  shells  under 
various  loading  conditions  is  dlsoussad. 
It  Is  assumed  that  tha  shells  ware  in  a 


AStr  At*  SSSR 
IStr  Tr 

no.  13 
36-69 
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mesabr«tts-utr#»»  state  prior  to  buokling. 
Conventional  «naly»i»  procedure*  and 
aatbanatioal  tools  uaod  in  praotloo  art 
outlined,  and  tha  suitability  of  either 
the  Oalarkin-PapkOTioh  or  tha  Rita 
Mtfaod  for  buoklina  analysis  in  both  tha 
linear  and  nonlinear  fonaalation  of  tha 
problaa  is  explained. 


732.  Ntukhov,  V.  6.  A  method  for  tcctltrtttd  do-  B  Isobr 
to rain ot Ion  of  tho  llfo  of  an  aircraft  no*  22 

structure. 

Strain  gauges  ara  uaad  to  aoaaura  atroaaaa 
In  a  plastic  spoclaan  attached  to  a  struc¬ 
tural  aaabor  of  tha  aircraft  In  flight  and 
to  an  Idantlcal  aanbar  of  tho  aircraft 
tasted  In  a  laboratory  under  rapaatad  static 
loading  to  destruction  of  tha  specimen. 

Tha  two  sets  of  data  are  then  compared;  a 
conversion  factor  is  calculated,  and  tha 
number  of  flight  hours  corresponding  to 
one  loading  cycle  la  obtained. 


733.  Borshchevskiy,  A.  P.  A  flight-safety  system  B  Izobr 
which  signals  tha  occurranco  of  fatlgua  no.  22 

cracks  In  the  rotor-blade  longerons  to  the 
pilot  of  a  helicopter. 

Tha  longerons,  hermetically  sealed  and 
filled  with  air  compressed  to  a  pressure 
>  1  atm,  contain  pickups  connected  to  an 
indicator  In  the  cabin  which  respond  when 
crocks  appear  and  pressure  drops. 


73*1 .  Obremskly ,  S.  V.  The  effect  of  stiffening 
rings  In  a  closed  cylindrical  shell  taken 
directly  Into  account. 


DopAN  UkrSSR 
no.  7 
883-887 


It  Is  shown  how  the  effect  of  elastic 
stiffening  rings  In  a  closed  circular 
cylindrical  shell  may  be  taken  directly 
into  account  In  the  application  of  V.  S. 
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Vlasov's  variational  method,  with  ahaar 
strains  also  consldarad.  Tha  assumption, 
dlffarant  from  that  of  Vlasov,  is  that 
soma  of  tha  rings  hava  finite  rigidity 
both  In  thalr  own  plana  and  whan  deformed 
beyond  it. 


7 Gus',  0,  M,  Strass  eoncantratlon  at  a  hola  DopAN  UkrSSR 

with  a  nippla  in  an  orthotropie  cylindrical  no*  12 

shall.  1594-1597 

Strass  distribution  on  the  edges  of  a  cir¬ 
cular  hole  stiffened  by  a  rigid  nippla  is 
analysed  by  tha  Rita  method.  Tha  shell  is 
under  uniform  internal  pressure.  The  the¬ 
ory  of  shells  with  a  large  index  of  vari¬ 
ation  is  applied,  and  tha  affect  of  the 
orthotropy  of  tha  material  and  of  the  nipple 
on  tha  stress  distribution  around  the  hola 
is  analysed. 


7 jo.  Shorr,  B.  F.  (Engineering  Physios  Instit¬ 
ute,  Moscow).  Designing  for  oreep  under 
nonuniform  heating. 

The  determination  of  oreep  stresses  and 
strains,  as  well  as  their  cross-sectional 
and  axial  distribution  in  bodies  subjected 
to  nonuniform  heating,  is  discussed.  The 
application  of  creep  theories  to  the 
investigation  of  the  behavior  of  non- 
unlformly  heated  bodies  in  a  state  of 
steady  and  transient  creep  is  considered. 


InPT.  Sb. 
N.  1962 
183-240 


Yjy„  Makhovlkov,  V.  I.  Tharmoalastlcity  problem  InFZh 
of  a  plata.  no.  3 

95-102 

The  thermal  streises  in  an  elastic,  iso¬ 
tropic  plata  without  external  loading 
in  a  stationary  temperature  field  are 
analysed.  Thermal  strass  concantratlons 
around  circular  and  square  holes  in  an 
unbounded  plata  with  an  infinite  number  of 
holes  are  also  discussed. 
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738.  Yel’pat'yuvtkly,  A.  H.,  tad  V.  V.  Vaull'yev.  InZk 

Designing  prlanntlc  shall  acructuraa  la  v.  2,  no.  1 

tans  of  atraaaaa.  117-129 

CaatltHaao'a  prlnclpla  la  appllad  la 
developing  a  variational  nethod  of  atraaa 
aaalyala  of  tha  neabrane-* tressed  canti¬ 
lever  ahull  atruetura  of  a  box-type  aulti- 
eall  eroaa  aaetlcn. 


739-  Omitted.  See  page  242  *■  740. 


740.  Uzdalev,  A.  I.  Plana  thermoelastlc  problem  InZh 

of  an  anlsotroplo  body.  v.  2,  no.  2 

260-286 

The  elastic  equilibrium  of  a  homogeneous- 
thickness  plate ,  anlsotroplo  for  both 
elastlo  and  thermal  effects.  Is  analyzed. 

The  plate  Is  In  a  state  of  plane  stress 
caused  by  external  forces  and  a  stationary 
temperature  field.  The  material  of  the 
plate  has  a  linear  stress-Btraln  relation¬ 
ship;  there  are  no  body  forces.  The  plate 
region  Is  multiply  connected  (holes  In  the 
plate),  and  the  temperatures  on  the  closed 
contours  are  given.' 


74i.  Bolotin,  V.  V.  On  the  behavior  of  heated 
plateB  and  shallow  shells  In  a  gas  flow. 

The  thermal  buckling  and  flutter  of  a 
rectangular  aircraft  skin  panel  under 
kinetic  heating  In  a  supersonic  gas 
flow  and  Internal  pressure  Is  Investi¬ 
gated,  taking  account  of  the  flow 
pressure  on  the  distorted  skin.  The 
behavior  of  a  steel  skin  under  real 
flight  conditions  Is  briefly  discussed. 


InZh 

v.  2,  no.  3 
119-123 
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742.  Durgarlyan,  S.  M.  Thermal  stress 

analysis  of  thin  orthotroplo  shells 
of  revolution * 

The  axlsymetrloal  problem  of  thermo - 
elastlo  stress-strain  relations  In 
thin  orthotroplo  shells  of  revolution 
with  a  positive  Oausslan  curvature  and 
low  thickness -to -radius  ratio  Is  treated 
In  a  linear  formulation,  with  time- 
variable  coefficients  of  elasticity 
and  thermal  expansion. 


InZh 

v,  2,  no* 
126-140 


3 


743.  Yelpat1 yevskly,  A.  N.  Investigating 
the  state  of  stress  In  two-layer 
cylindrical  shell. 

A  plain  cylindrical  shell  streng¬ 
thened  by  an  outer  layer  of  flber- 
relnforced  plastic  Is  discussed.  The 
whole  shell  Is  under  Internal  pres¬ 
sure  and  an  axlsymmetrlcal  tempera¬ 
ture  field.  The  stress  distributions 
In  both  layers  are  determined  and 
relationships  ensuring  minimum  weight 
of  the  shell  are  established* 


InZh 

V*  2,  no*  3 
141-149 


744  .  Abramyan  *  B.  L. ,  and  A.  A.  Babloyan.  Strata  I a AN  Arm  SSSR, 

and  strain  In  a  hollow  eyllndar.  pp|j 

v.  IS |  ao.  2 

An  axact  general  solution  is  prasentad  of  87-99 

tha  axlsymmatrical  problam  in  tha  alas- 
tlclty  thaory  for  a  hollow  circular  cylin¬ 
der  of  finite  length  under  arbitrary  ex¬ 
ternal  load*  with  given  normal  displacements 
and  tangential  stresses  on  its  feces.  Tha 
derivation  of  general-form  equations  for 
stresses  and  strains  in  terms  of  the  Fou¬ 
rier  end  Fourler-Dlnl  series  is  presented. 
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7^. 


7^6. 


7^7. 


Arutyunyan,  M.  Kh .  Torsion  of  thin  tubalor 
•hollo. 

Tho  torsion  of  long,  thin,  cylindrical 
•holla  of  arbitrary-contour  elosad  cross 
•action  la  Investigated.  Tho  small-param- 
otor  nothod  usod  horo  allows  appraisal  of 
tho  validity  of  approximate  forsulas  (a.  g. 
Brodt's)t  It  gives  solutions  In  casts  vhoro 
Brodt  1  •  formulas  cannot  ba  usod,  and  ac¬ 
counts  for  stress  concentration  in  fillets 
of  polygonal  cylindrical  shells. 


Is AN  Aro  SSR, 

mi 

v.  IS,  no.  2 
101-109 


Sarkisyan,  V.  S.  Tha  deflection  of  long  a - 
lactic  plates  at  constant  supersonic  ve¬ 
locity. 

Tha  small  parameter  Is  used  in  the  approx¬ 
imate  solution  of  the  deflection  problem  of 
a  thin,  narrow  plate  of  an  arbitrary  sym¬ 
metric  form,  fixed  at  the  edges  and  moving 
In  a  gas  with  constant  supersonic  velocity, 
at  a  fixed  angle  of  attack.  The  problem 
of  determining  the  deflection  function  Is 
reduced  to  the  solution  of  a  fourth-order 
partial  differential  equation  with  certain 
boundary  conditions. 


Is AN  ArmSSk, 

FWJ 

v.  13,  no.  2 
139-152 


Bagdasaryan,  Zh.  Ye.  The  stability  of  acyl-  IxAN  ArmSSR 
Indrlcai  shell  in  a  supersonic  sas  flow. 

v.  15,  no.  6 

The  elastic  stability  of  a  thin  circular  3-10 

shallow  shell  is  analyzed.  The  material 
of  the  shell  is  orthotropic  and  obeys  the 
generalized  Hooke* •  law.  There  is  an  un¬ 
disturbed  supersonic  compressible-gas  flow 
along  the  shell.  The  hypothesis  of  the 
preservation  of  tho  normals  is  accepted. 

Cases  of  symmetrical  and  nonsymmetrlcal 
buckling  are  discussed,  and  formulas  for 
tha  minimum  critical  velocities  are  given. 
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yii8.,  Kordashenko,  A,  B.  The  stability  of  stiff¬ 
ened  shells  (USSR). 

In  s  study  of  the  stability  of  double- 
ourvature  shells  with  arbitrarily 
looated  stiffeners,  the  state  of  stress 
of  the  shell  Itself  is  examined  by  the 
use  of  the  principle  of  virtual  dis¬ 
placements;  a  variational  equation  is 
obtained  whioh  furnishes  the  differential 
equations  of  elastic  stability  of  a  shell 
with  an  arbitrary  initial  (preorltloal) 
state  of  stress. 


7^9 .  Mushtari,  Kh.  M.  Making  the  approximate 
theory  of  sandwich  plates  more  exact. 

The  state  of  equilibrium  of  a  sandwich 
plate  with  elastically  orthotropic  face 
layers  and  a  light  core  is  discussed, 
with  core  compressibility  taken  into  ac¬ 
count.  An  approximate  formula  of  the 
critical  forces  of  both  face  layers  is 
derived.  An  exact  formula  for  these 
forces  is  also  presented  and  its  deriva¬ 
tion  is  outlined.  The  values  of  critical 
forces  obtained  by  approximate  and  exact 
formulas  are  compared  with  values  given 
by  other  authors. 


750.  Sokolov,  F.  A.  A  spherical  ax  {symmetrically 
loaded  shell. 

Two  oases  of  a  spherical  shell  under  a 
symmetrical  load  are  analyzed:  l)  a  shell 
with  a  small  circular  hole  at  the  top; 
and  2)  a  dosed  shallow  shell  (without  a 
hole).  It  is  assumed  in  case  (l)  that 
there  is  no  interaction  of  the  edge  of 
the  hole  with  the  edge  of  the-  shell  or 
with  any  other  cross  section.  /  sugges¬ 
tion  is  made  on  how  to  apply  this  method 
for  lug(  oentral  angle  of  the  hole  (large 
holes).  In  oase  (2)  there  are  no  speoial 
conditions  on  the  top. 


IsAN  MeKa 

no,  1 
115-120 


IsAN  MsMa 
no.  1 
125-130 


IsAN  MsMa 
no.  2 
150-157 
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IzAN  MeMa 


7b  x.  Bolotin,  V.  V.  Unsteady  flutter  of  plates 
and  shallow  shells  in  a  gas  flow. 

The  unsteady  flutter  of  plates  and 
shallow  shells  In  supersonlo  gas  flows 
is  discussed.  Solutions  are  sought 
for  transient  reglaes  with  simultaneously 
variable  parameters  of  velocity,  density, 
and  temperature.  Approximate  equations 
for  the  flutter  amplitude  and  phase  are 
derived. 


no.  3 
106-113 


7 b2.  Bolotin,  V.  V.  lhe  effeot  of  membrane 

stresses  in  thin  shells  on  their  natural 
vibrations. 

An  asymptotlo  method  Is  used  in  investi¬ 
gating  the  speotra  of  natural  vibrations 
of  thin  elastic  shell b,  with  the  initial 
membrane  stresses  in  the  middle  surface 
taken  into  account.  The  known  initial 
equations  for  deflections  comparable  with 
the  *hell  thickness  are  used. 


Is  AN  Malta 

no.  4 
52-60 


7b 3.  Nuahtari,  Kh.  M.  The  theory  of  shallow  sand¬ 
wich  shells  with  layers  of  variable  thick¬ 
ness. 

Generalized  expressions  for  stress-strain 
relationships  in  nonsymmetrical  sandwich 
shells  with  nonuniform  temperature  fields 
are  extended  to  shells  with  variable- 
thickness  faoe  layers  and  minimal  volume 
(weight). 


IzAN  MeMa 
no.  4 
71-76 


7b1*.  Balabukh,  L.  I.,  and  L.  A.  Shapovalov.  IzAN  MeMa 

Contact  problems  of  stiffening  membrane-  no.  4 

stressed  shells  of  revolution  by  rings.  77-90 

The  flexure  and  stability  of  circular 
rings  used  for  stiffening  membrane- 
stressed  shells  of  revolution  are  examined 
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755. 


756. 


757. 


from  the  standpoint  of  oontaot  problems. 

A  general  discussion  Is  presented  of  an 
elastic  system  consisting  of  two  arbi¬ 
trary  membrane-stressed  shells  of  revolution 
joined  together  by  an  inextensibie  circu¬ 
lar  ring  which  is  continuously  loaded 
by  the  action  of  the  shells. 


Vasltsyna,  T.  N.  The  stability  of  an  axially 
compressed  cylindrical  sandwich-type  panel. 

Stability  equations  previously  derived 
for  nonsymmetrlcal  shallow  sandwich- type 
shells  with  orthotropic  face  layers  and 
orthotropic  rigid  oores  are  used  to  inves¬ 
tigate  the  stability  of  a  shallow  cylin¬ 
drical  panel  with  a  light-weight  lsotroplo 
core,  layer  and  lsotroplo  face  layers  of 
different  thicknesses. 


Lands,  P.  S.,  and  S.  P.  Strelkov. 

Flutter  of  a  wing  under  nonlinear 
aerodynamic  forces. 

Results  of  investigating  the  effect  (on 
an  electronic  analog  computer)  of 
flexural -torsional  flutter  of  a 
cantilever  wing  with  a  nonlinear 
dependence  of  aerodynamic  forces  at 
hypersonlo  speeds  on  the  angle  of 
attack  are  presented.  The  depen¬ 
dence  of  the  flutter  speed  on  wing 
parameters  and  initial  disturbances 
Is  obtained,  and  the  effects  of 
the  value  of  the  ratio  of  flexural 
to  torsional  frequencies  and  of 
the  presence  of  the  fuselage  are 
discussed. 


Razzhlvln,  K.  A.  Stress  distribution  in  m  cpen 
circular  cylindrical  shell  damped  on 
straight  edges. 

An  approximate  method  is  presented  for 


Is  All  NsNa 

no.  4 
137-139 


Is  AN  NeMa 

no.  5 
111-117 


JmM  NsNa 

ho.  5 
147-130 
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758. 


759 . 


determining  the  state  of  stress  In  a 
shallow,  circular  shell  under  arbitrary 
loading,  with  clamped  straight  edges  with 
exactly  satisfied  arbitrary  boundary 
conditions  on  the  olroular  edges.  A  sample 
strain  analysis  is  given  for  a  long, 
shallow,  olroular  cylindrical  shell 
damped  on  all  [four]  ftdges  under  the 
following  loadings  normal  to  ita  surfaces 
uniform  continuous,  b/droitatio,  and  that 
caused  by  wind. 


Durgar*  yan,  S.  K,  On  thermal  strata  IzANMeMa 

analyala  of  an  orthotroplo  plate  no.  6 

with  consideration  of  trana verse  1 54-160 

shear. 

The  effect  of  transverse  shear  on 
thermal  stresses  in  a  rectangular 
orthotroplo  plate  la  analyzed  under 
the  assumptions  that  elasticity 
constants  and  the  thermal  expansion 
coefficient  of  the  material  are 
temperature -dependent,  and  that  the 
strains  over  the  plate  thickness  are 
determined  by  free  thermal  expansion. 

The  Bhear-stresa -distribution  functions 
are  given. 


IzAN  SlbO 
no.  2 
15-24 

the  axlsyxnmetrlcal  and  plane  problems  of 
elasticity  theory  is  established.  Some 
new  solutions  of  the  axlsymmetrlcal  problem 
of  an  infinite,  hollow,  heavy  cone  are 
found  for  solid  or  hollow  semi- Infinite 
wedges.  The  problem  is  worked  out  in 
polar  (plane  and  spherical)  coordinates. 

It  la  shown  that  the  proposed  method 
also  makes  possible  an  analogous  solution 
in  other  coordinates. 


Aleksandrov,  A.  Ya.  An  analogy  between 
stress  functions  in  elastiolty  theory. 

An  analogy  between  stress  functions  of 
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f6o .  Malkina,  R.  L.  Plates  and  shells  under 
vibrational  loading. 

Under  discussion  is  the  behavior  of 
o  (xoular  and  rectangular  thin  plates 
and  of  cylindrical  and  shallow  spherical 
shells  under  the  aotlon  of  forces  changing 
according  to  a  harmonic  law.  The  proposed 
method  of  analysis  is  based  on  the  fact 
that  all  normal  forced  vibrations  of  the 
system  are  of  the  same  frequency  and  phase. 


XzVUZ 
no.  1 
57-65 


7b i.  Yerehov,  V.  V.  The  stability  of  asymmetrical  XsVUZ.  AvT 
sandwich  plates.  no.  1 

120-124 

A  rectangular  sandwich  plate,  supported 
along  two  opposite  edges  and  compressed 
by  forces  applied  at  these  edges,  is 
discussed.  The  determination  of  the 
orltloal  forces  is  based  on  equations  and' 
relationships  established  by  Kh.  M. 

Mushtarl,  without  taking  account  of  the 
flexural  rigidity  of  the  outer  layers 
end  the  compressibility  of  the  core. 


702 .  Kabanov,  V.  v.  The  stability  of  a  izvuz,  AvT 

olrcular  cylindrical  shell  In  a  no.  2 

nonuniform  temperature  field.  6 5-71 

The  local  stability  of  a  long 
circular  cylindrical  shell  sub¬ 
jected  to  longitudinal  forces  variable 
along  the  circumference  (due  to 
heating)  la  studied,  a  sample  analysis 
of  the  thermal  stability  of  a  shell 
partially  filled  with  liquid  at  0°C 
and  surrounded  by  a  medium  of  arbitrary 
temperature  is  given. 


76 i.  Sverdlov,  A.  I.  (Moscow  Aviation  Institute).  IsVTR  AvT 
The  design  of  a  stiffened  cylindrical  shell  no.  2 
under  concentrated  loads.  72-0$ 

The  state  of  stress  in  a  olrcular  cylin¬ 
drical  shell  stiffened  by  stringers  and  by 
frames  under  concentrated  loads  applied 
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to  longitudinal  beams  on  tha  outer  surf aoe , 
la  examined.  Streaaea  In  the  beam  and  ahell 


are  analysed  by  applying  Oastlgllano's 
principle  to  the  bean- ahell  ay a tea. 


764.  Slvchlkov,  B,  Ye.  Static- flexure  and  free- 
vlbratlon  equilibrium  equations  of  irregu¬ 
larly-shaped  oantllever  plates. 

The  application  of  the  variational  Lagrange 
equation  in  the  analysis  of  flexure-  and 
vibration  of  a  uniform- thickness  oantllever 
plate  by  substituting  the  defleotlon  In 
polynomial  form  (thus  obtaining  a  system 
of  ordinary  linear  equations)  is  general¬ 
ised  to  the  oaae  of  a  variable- thloknesa 
.irregularly  shaped  quadrangular  plate  with 
Straight  edges  located  arbitrarily  relative 
to  eaoh  other. 


765.  Akhmed'yanov,  I.  S.  A  method  for  integrating 
flexure  equations  of  a  spherical  shell 

A  new  method  for  the  exact  Integration  of 
equations  whloh  describe  the  fl «nur«  of 
spherical  shells  under  symmetrical  loading 
and  arbitrary  boundary  conditions  is  dls- 
oussed.  The  simplified  solution  of  baalo 
equations  gives  the  expressions  for  forces 
and  moments  per  unit  length,  as  well  as  for 
strains  and  displacements.  In  series  form. 


76o.  Yefimov,  I.  A.  Plastlo  stability  of  a  cor¬ 
rugated-core  cylindrical  sandwich  shell 
under  combined  loading. 

The  stability  In  the  small  of  a  simply  sup¬ 
ported  olrcular  cylindrical  sandwich  shell 
under  external  pressure  combined  with  axial 
compression  Is  Investigated.  The  core  layer 
is  made  of  oorrugated  sheet  material.  Its 
strains  are  assumed  to  be  in  the  elaatlo 
range  at  the  Instant  of  the  loss  of  stability, 
while  the  conventional  faoe  layers  are 


IzVUZ. 
no.  2 

86-94 


IzVUZ. 
no.  3 
62-70 


IzVUZ, 
no.  3 
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strained  beyond  this  rang*.  The  corrugated 
oore  la  treated  aa  an  orthotroplo  a olid 
having  equivalent  elaatlo  characteristics, 
and  the  flexural  rigidity  of  the  laotroplo 
face  layer*  la  taken  Into  aooount. 


Sivohlkov,  B.  Ye.  Variational  aeehod  for  XaVQZ,  AvT 

analysing  statlo  flexure  and  free  vlbra-  no.  3 

tlone  of  a  cantilever  plate.  102-110 

The  atatle  flexure  and  free  vibration*  of 
a  rectangular,  elaatlo,  continuously  loaded, 
rigid  plate  of  variable  thickness  (in  both 
longitudinal  and  lateral  directions)  with 
Its  clamped  edge  nonparallel  to  the  free- 
end  (lateral)  edge  are  analysed,  and  the 
effect  of  root  beveling  on  the  flexural 
and  vibrational  behavior  of  this  swept- 
wing- f on  plate  Is  exaalned. 


Burmistrov,  Ye.  P.  An  analysis  of  struo-  IsYOZ,  AvT 

turally  orthotroplo  shells  of  revolution.  no.  A 

57-67 

By  starting  with  equilibrium  equations  for 
shells  of  revolution  and  using  the  relation¬ 
ships  between  elastic  forces  and  the  strains 
of  the  middle  surface  of  structurally  ortho¬ 
troplo  shells  of  revolution,  as  well  aa 
between  strains  and  displacements,  a 
general  solution  of  shell-behavior  problem* 

Is  obtained.  A  multilayer  shell  with  an 
odd  number  of  orthotroplo  layers  symmetrical 
about  the  middle  surfaoe  and  a  two-layer 
shell  with  lsotroplo  layers  of  different 
elastlo  properties  are  treated  as  special 
cases  of  the  general  solution. 


9.  H'gamov,  M.  Z,  Equilibrium  and  vibration 
equations  of  asymmetrical  sandwloh  shells. 

Thin  asymmetrical  sandwich  plates  with 
orthotroplo  outer  layers  and  an  ortho- 
tropic  oore  are  dlsoussed,  taking  Into 
aooount  the  linear  defonsablllty  of  the 
oore  over  Its  thlokness.  Free  vibration 
and  stability  of  a  sandwich  are  analysed 


IsVUZ,  AvT 

ttA 
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by  using  the  equations  derived.  A  numeri¬ 
cal  example  of  calculating  the  critical 
loading  of  an  Infinite  thin  sandwich  opiate 
In  synetrloal  and  skew -symmetrical  buck¬ 
ling  Is  given. 


770,  Saehenkov,  A.  V.  Determining  the  lower 
buckling  loads  of  thin  shells. 

An  approximate  method  Is  proposed  for 
determining  the  lower  critical  load  In 
local  buckling  of  thin  shells.  The 
anisotropy  of  the  material  and  effect 
of  Initial  imperfections  of  the  middle 
surface  are  taken  into  account. 


771.  Gerasimov,  1.  S.  (Institute  of  Mechanics, 
Academy  of  Sciences,  UkrSSR).  The  effect 
of  a  moving  load  on  a  conical  shell. 

It  is  assumed  that  an  elastic  infinite 
circular  conical  shell  with  a  wall  thick¬ 
ness  proportional  to  the  distance  from 
the  vertex  is  under  a  constant  axially 
symmetric  pressure  which  is  moving  with 
constant  velocity  from  the  cone  vertex  in 
the  direction  of  its  axis.  An  Infinitesimal 
element  of  the  conical  shell  is  analyzed  in 
a  movable  coordinate  system.  Displacements, 
stresses,  and  bending  moments  are  determined. 


772,  Twardosz,  P.  (Gdansk  Polytechnical  Institute). 
The  dynamic  stability  of  a  conical  shell 
under  longitudinal  and  transverse  continu¬ 
ous  pulsating  loads. 

Equations  of  the  dynamic  stability  simply 
supported  thin  oonical  shells  are  derived 
from  equations  of  their  static  stability. 
Equations  for  oritloal  frequencies  are  also 
derived,  and  resonance  ranges  are  determined. 


IzVTJZ,  a 
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77 -3  Ktn,  S.  N.  Flexure  of  circular  cylindrical 
sheila. 

The  flexure  of  solid  and  sandwioh-type 
circular  cylindrical  shells  stiffened  by 
diaphragms  rigid  In  the  It  own  planes  la 
dlsoussed  under  arbitrary  support  conditions# 
and  external  loading  varying  in  axial  and 
lateral  directions. 


Fife 

v,  8#  no.  1 
3-11 


77 i\t  Koval ov,  K.  V.  The  effect  of  a  stiffening 
ring  In  a  cantilever  clroular  cylindrical 
shell. 


FNe 

v.  8#  no.  1 
12-19 


Cylindrical  shells  with  a  length  1  to  5 
times  greater  than  their  diameter#  fixed 
on  one  end  and  provided  with  a  stiffening 
ring  (frame)  at  the  free  erd#  are  discussed. 
Lines  of  influence#  obtained  experimentally 
with  the  use  of  celluloid  models#  are  used 
to  determine  the  normal  and  shearing  foroes# 
and  bending  moments  acting  on  the  frame.  The 
method  can  be  applied  to  stress  analysis  of 
any  anlsotroplo  shell#  and  to  oases  where 
the  analytical  solution  Is  either  Impossible 
or  Involves  considerable  difficulties. 


77fj.  Kan#  S.  N.  The  stability  and  natural  vlbra-  Fife 

tlona  of  cylindrical  sandwich  shells.  v.  6#  no.  2 

120-132 

The  dynamic  behavior  of  a  clroular  cylindri¬ 
cal  sandwich  shell  under  uniform  radial  pres¬ 
sure  and  axial  pressure  uniformly  distributed 
along  Its  olroumferenoe  Is  dlsoussed. 


776.  Petrov,  V.  V.  (Saratov  Polyt'eohnloal 

Institute).  State-of-stress  analysis 
of  plates  and  shallow  shells  under 
finite  deformations  by  the  stepwise- 
loading  method. 

An  approximate  method  of  solving  nonlinear 


FNe 

v.  8#  no.  4 
352-357 
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differential  equations  which  describe  the 
state  of  stress  of  plates  and  shells  Is 
proposed.  The  whole  load  acting  on  the 
structure  Is  divided  Into  parts  which  are 
applied  stepwise  until  the  structure  Is 
fully  loaded.  The  steps  are  so  seleoted 
that  the  deformations  are  snail  compared 
with  the  thickness  of  the  structure,  and 
a  linear  load-defleotlon  relationship  oan 
be  assuned. 


777.  Terehov,  N.  9.  The  equilibrium  of  flexible  PMe 

elastic-plastic  shells  and  plates.  v.  8,  no.  5 

489-499 

Expressions  showing  the  effect  of  the 
local  plastlo  deformations  (buckling)  of 
plates  and  shells  under  loading  beyond 
their  critical  state  are  derived  In  terms 
of  strain  and  stress  functions.  It  Is 
assumed  that  these  buddings  (treated  as 
Initial  lmperfeotlons)  are  small  If  compared 
with  the  thickness  of  the  plate  (shell). 

The  post-buckling  behavior  of  rigid  plates 
(where  Euler  stresses  are  near  the  yield 
point  of  the  material)  Is  also  Indicated. 


PMe 

v.  8,  no.  5 
555-563 


physical  nonlinearity  of  the  material  —  were 
determined  experimentally,  plotted  on  stress- 
strain  planes,  and  approximated  by  fitting 
polynomial  curves.  The  procedure  for  deter¬ 
mining  the  constants  from  diagrams  Is  out¬ 
lined. 


77 B.  Tsurpal,  I.  A.  Experimental  determination 
of  constants  of  the  nonlinear  elasticity 
theory. 

The  constants  of  H.  Kauderer's  law  of  non¬ 
linear  elasticity  —  the  bulk  modulus,  the 
shear  modulus,  and  functions  defining  the 


7  jtJ  Karpov,  M.  I.  Strength  problems  of  stiffened  PMe 

shells.  v.  8.  no.  6 

619-026 

The  strength  of  a  circular  cylindrical 
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shell  stiffened  by  equally  spaoed  stringers 
of  Identical  geometric  and  elastic  charac¬ 
teristics  Is  discussed.  The  faces  of  the 
shell  butt  against  diaphragms  rigid  In  their 
planes  but  easily  deformable  In  the  trans¬ 
verse  direction.  The  shell  Is  under  arbit¬ 
rary  external  loading,  and  Its  strength 
is  treated  as  a  contact  problem. 


7 do.  Ryzhov,  0.  S.  The  energy  of  sound  waves. 

Analytical  expressions  for  sound-wave 
energy  are  derived. 


EMNe 

v.  26,  no.  2 
317-319 


761.  Ryzhov,  0.  S.,  and  Q.  M.  Shefter.  Energy 
of  sound  waves  propagating  in  moving 
media. 

An  equation  Is  derived  describing  sound¬ 
wave  propagation  In  arbitrary  nonuniform 
moving  media,  and  an  Investigation  Is 
made  under  the  assumption  that  the  width 
of  the  perturbed  gas  Is  small  as  compared 
with  the  radius  of  shock-wave  curvature, 
and  with  the  dlstanoe  over  which  the 
Initial  parameters  of  the  medium  change 
substantially. 


782.  Nigul,  U.  K.  Asymptotic  theory  of  Btatios 
and  dynamics  of  circular  cylindrical 
shells. 

A  linear  theory  of  the  statlos  and  dynamics 
of  elastio,  circular  cylindrical  shells  is 
developed  on  the  basis  of  an  asymptotic 
approximation  of  the  three-dimensional 
elasticity  theory.  From  this  asymptotlo 
theory  It  Is  possible  to  determine,  with 
a  small  asymptotic  error,  the  slowly 
0 hanging  state  of  stress  In  the  shell. 


no 

rnM 

v.  26,  no.  5 
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783.  Libre ecu*  L.  The  dynamlo  problem  of  shallow 
▼lsooelastlo  thin  shells. 

The  vibrational  behavior  of  thin  shallow 
•hells  of  oonstant  thickness  made  of  visco¬ 
elastic*  Isotropic*  homogeneous*  physically 
linear  material  of  the  Maxwell  type  Is 
discussed  under  the  assumption  that  the 
Klxohhoff-Love  hypothesis  Is  valid. 


Rev  MeAp 
v,  7#  no.  4 
781-795 


734.  Dol* berg,  M,  D«*  and  V.  I.  Malykhln.  A 
general  design  method  for  shells  of 
revolution  under  symmetrical  loading. 

An  approximate  method  of  structural 
mechanics  for  Investigating  the  states 
of  stress  and  strain  of  symmetrically 
loaded  thin-walled  shells  of  revolution 
with  an  arbitrarily  shaped  meridional 
section  Is  proposed.  The  method  Is 
similar  to  Rltz's;  however*  It  ensures 
the  convergence  of  successive  approxima¬ 
tions  to  the  exact  solution*  and  thus 
facilitates  determination  of  the  value 
of  the  error. 


RaProKon,  Sb 

no.  8 
M.  1962 
47-68 


785.  Kan*  S.  N.  The  stability  and  static  and 

dynamic  strength  of  oircular  cylindrical 
sandwich  shells. 

Problems  in  designing  oircular  cylindrical 
sandwich  shells  —  for  flexure*  stability* 
and  vibration  —  are  discussed  under  the 
assumption  that  there  is  a  distortion  in 
the  cross-sectional  contour  of  the  shell. 
The  conventional  hypothesis  of  infinite 
rigidity  of  the  core  layer  in  the  radial 
direction  and  zero  rigidity  in  other 
directions  is  accepted.  The  flexure  of 
a  thin  sandwich  shell  stiffened  by  circular 
frames  rigid  in  their  planes  is  investi¬ 
gated  under  arbitrary  loading  and  support 
conditions.  The  stability  and  vibrational 
behavior  of  simply  supported  and  clamped 
shells  are  examined. 


RaProKcn,  Sb 

no.  8 
M.  1962 
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7(36.  Kan,  S.  N.  Tha  strength,  stability,  and 
load-carrying  oapaoity  of  oonstruotion- 
ally  orthotropio  cylindrical  shells* 

The  problems  of  flexure,  and  elastic 
and  plastic  stability  under  radial 
pressure  and  uniform  axial  compression, 
and  load-oarrylng  oapaoity  of  construc¬ 
tionally  orthotropio  cylindrical  shells 
are  investigated.  Cylindrical  shells 
stiffened  by  stringers  and  olroular  frames 
and  shells  made  from  corrugated  sheets 
are  discussed,  with  the  effect  of  the 
stiffening  (or  of  oorrugatlon)  taken  into 
account  by  introducing  equivalent  thloknesees 
and  flexural  rigidities  in  both  axial  and 
circumferential  directions* 


RaProK 

no*  8 

& 

85-106 


3b 


787.  Moiseyev,  N.H  Variation  problems  in  the 
theory  of  oscillation  of  liquid  and 
liquid-filled  bodies. 

The  use  of  variational  methods  in 
30lvlnjr  the  problems  of  oscillation  of 
bodies  filled  with  liquid  is  discussed 
and  substantiated.  The  stability  of 
the  body-liquid  system  is  investigated. 
The  convenience  of  the  methods  for  use 
on  electronic  computers  is  emphasized. 


/ar: 

M.  1962 
7-118 


AN  Vych  Ts  Monogr 

708.  Riblik,  B.  N.,  and  V.  1.  Merkulov.  Dynamic  Variats.,  Metodv 
stability  of  liquid-filled  rib-stiffened  H.  1962 

thin  elastic  sheila*  119-178 

The  dynamic  stability  of  thin,  stiffened, 
elastic  shells  filled  completely  or 
partially  with  an  Ideal  Incompressible 
liquid  Is  analyzed  by  using  variational 
methods*  The  stiffeners  are  flexurally 
rigid  in  a  plane  normal  to  the  middle 
surface  and  are  rigid  In  tension  (comp¬ 
ression);  their  Joint  deformation  with 
the  shell  Is  secured*  The  shell-liquid 
system  described  Is  -eoted  on  by  arbitrary 
time-dependent  loads  applied  to  the 
shell  surface* 
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789.  fiuEZtttsov,  A.  P. ,  and  L.  H.  Kurahln.  Tha  ZhJUtlT 

stability  of  oiroular  cylindrical  ahslls  no.  3 

under  orssp  conditions.  66*72 

2hi  orssp  stability  of  hollow  cylinders 
is  investigated  on  the  basis  of  analysis 
of  aooslsratlons  of  disturbed  motions. 

In  this  respect ,  a  shell  is  stable  (un¬ 
stable)  when  a  disturbance  in  the  form 
of  an  initial  buckling  oauses  a  decrease 
(increase)  in  the  rate  of  its  development. 

It  is  assumed  that  stresses  in  the  shell 
before  buckling  are  distributed  unifonsly 
along  its  thickness  and  are  not  time  depen¬ 
dent. 


]  963 

DAN  3SSR 
v.  W,  no.  1 
58-61 


reactive  thrust  and  its  angle  of  inclination 
in  a  plane  motion  of  a  variable-mass  point 
in  a  homogeneous  central  gravitational 
field  are  established  by  using  Pontxyagln's 
maximum  principle. 


790.  Euzmak,  0.  Ye.,  V.  K.  Isayev,  and  B.  Kh. 

Davidson.  Optimal  regimes  for  motion 
of  a  variable  mass  point  in  a  homogeneous 
central  field. 

The  optimal  regimes  for  controlling  the 


791.  K1 1  *  chyns  '  ka ,  G.  A.  The  the  rmoparame  trie  DopAN  UkrSSR 

resonance  of  a  circular  cylindrical  shell  no.  1 
In  an  unsteady  temperature  field.  ^0—4^4 

The  Influence  of  a  nonstationary,  period¬ 
ically  changing  temperature  field  on  the 
stability  of  a  simply  supported  circular 
cylindrical  shell  without  external  loading 
and  initial  stresses  in  the  middle  surface 
is  analysed  under  the  assumptions  that  the 
temperature  over  the  shell  thickness  and 
the  dependence  of  the  elasticity  modulus 
and  of  the  thermal  expansion  coefficient 
on  the  temperature  are  all  linear. 


B.  M.  Bublyk.  Vibration  and  stability  of 
a  stiffened  cylindrical  shell  in  a  com- 
p res s lb V  flow. 


DopAN  UkrSSR 
no.  2 
178-103 


792. 
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Th«  vibrational  and  buckling  behavior  of 
a  amply  supported,  closed,  elastic, 
cylindrical  shell  with  a  discrete  srrsnge- 
sent  of  stiffening  frames  la  investigated* 
The  shell  is  in  a  potential  flow  of  in- 
viscid  fluid  along  its  longitudinal  axis* 


793.  Vail lenko ,  M.  V.,  and  Yu.  0.  Kllkh  Institute  DopAN  VkrSSK 

of  Cermets  and  Special  Alloys,  Academy  of  no*  5 
Sciences  UkrSSR).  Mechanical  vibration  in  592*595 
a  variable- teope rature  field. 

The  applicability  of  asymptotic  methods, 
developed  by  Yu.  N.  Mitropol* skiy  for 
investigation  of  transient  processes  with 
a  small  variation  of  parameters  per  cycle 
in  nonlinear  vibratory  syatema,  is  Illus¬ 
trated  by  a  sample  analysis  of  forced  vi¬ 
brations  of  a  system  with  a  single  degree 
of  freedom  (a  cantilever  bar  with  a  largo 
mass  at  the  free  and)  in  a  time-variable 
temperature  field. 


7  j  H .  Goncharenko,  V.  M,  (Kiev  Polytechnlcal 
School).  Determining  the  average 
time  of  snapping  of  a  cylindrical  panel 
under  a  random  pressure. 

The  time-related  buckling  behavior  of  a 
shallow  oblong  cylindrical  panel  under 
uniform  normal  pressure  combined  with 
stationary  random  perturbances  which  speed 
up  its  buckling.  Is  discussed.  The  load¬ 
carrying  oapaolty  of  the  panel  can  be* 
estimated  from  the  duration  of  the  time 
Interval  up  to  buckling. 


.DopAH  UkrSSR 

no.  6 
736-7 


79b.  Manevych,  A.  1.  Optimum  design  of  a 
stiffened  cylindrical  shell  under 
uniform  external  pressure. 

A  medium-length  or  a  long  cylindrical 


PopAN  UkrSSR 
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•tell  of  given  wall  thiokneaa  divided 
axially  Into  aaotiona  by  fraaee  of 
different  rigidity  and  subJeoted  to 
unifona  external  prasauro  la  dlaouaeed# 
assuming  tha  ana  buckling  atabiiity  in 
all  aaatlona.  Tha  rigidity  paraaatara  for 
ahalla  with  ana#  two#  and  thraa  franca 
art  determined.  Tha  attaining  tha  equi- 
atabillty  by  changing  althar  tha  apaoing 
or  tha  rigidity  of  fraaaa  la  mentioned. 


796.  Karpov,  N.  I.  (Xnstltuto  of  Mechanics,  UkrSSR). 

On  froo  vibration  of  a  atlffanad  cylindrical 
a  hall. 

A  method  of  solving  tha  alnost  unaolvabla 
problaa  of  froa  vibrations  of  a  shall  with 
a  dlscrata  spacing  of  stiffanars  Is  pre¬ 
sented.  Tha  aathod  baaad  on  exact  eonpll- 
anca  with  vibration  aquations  of  a  sttf- 
fanad  ahall  ylalds  an  axprasslon  for  fra- 
quanciaa  In  tha  fora  of  a  transcandantal 
aquation  which  is  convanlant  for  the  qual¬ 
itative  Investigation  of  tha  frequency  apac- 
trua  and  for  nuaarlcal  coaputatlons  aa  wall. 
The  problaa  la  treated  as  a  contact  problaa 
In  tha  theory  of  shells. 


797.  Antipov,  0.  0.  (Nikolayev  Shipbuilding 

Institute).  Flexure  of  sandwich  plates 
under  nonuniform  heating. 

The  flexure  of  asymmetrical  sandwich  plates 
with  a  rigid  isotropic  core  and  faces  of  dif¬ 
ferent  thickness  made  of  different  materials 
Is  analyzed.  Flexure  parameters  of  such  a 
plate  compressed  In  Its  plane  under  lateral 
loading  combined  with  nonuniform  heating 
(by  a  linear  source)  are  determined. 


798,  Aleksandrov,  G.  V. ,  and  V.  K,  Svyatodukh. 

Controllable  notions  of  winged  aircraft 
In  the  plane  of  symmetry. 


DopAN  UkrSSR 
no.  8 
1018-1021 


DopAN  UkrSSR 
no.  11 
1441-1447 


InZh 

v.  3,  no.  1 
3-11 


Controllable  motions  of  aircraft  of  various 
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design  configurations  (conventional,  canard, 
and  pivoting  wing)  with  raapaet  to  tha  rel¬ 
ative  poaition  of  tha  control  force  and  tha 
canter  of  gravity  are  studied.  An  attempt 
is  made  to  determine  the  apeclflc  nature  of 
tha  aarodynaailc  characteristics  inherent 
in  the  varloua  layoute  by  taking  the  control 
force  into  account. 


7)').  Karnoahi takiy ,  V.  P.  Stability  of  a  alnply  InZh 

supported  sandwich  plate  under  pure  v,  3,  no,  1 

flaxure.  183-1*4 

Tha  buckling  behavior  of  alnply  aupportad 
aynnetrlcal  aandwlch  plates  subjected  to 
bending  in  two  orthogonal  directions  la 
axanlned  under  the  assumption  that  the 
hypothesis  of  straight  normals  is  valid 
for  the  outer  layers  and  that  the  core¬ 
layer  material  obeys  the  general  relation¬ 
ships  of  tha  elasticity  thpory. 


8oq.  Livanov,  K,  K,  (Institute  of  Mechanics, 

Academy  of  Sciences  USSR).  Axl symmetrical 
vibration  of  cylindrical  shells  in  a  su¬ 
personic  gas  flow. 

A  method  of  investigating  axially  symmet¬ 
rical  vibrations  of  a  cylindrical  shell 
in  a  supersonic  gas  flow  along  Its  longi¬ 
tudinal  axis  la  glvan.  The  method  produces 
an  exact  solution  when  inertial  forces  due 
to  all  displacement  components  are  taken 
into  account.  The  vibrational  behavldr  of 
the  shell  in  quiet  gas  (or  in  vacuum)  is 
also  discussed. 


Xnth 

v.  3,  me,  2 
322-330 


801.  Kukudshanov,  V,  N.  (Moscow).  Propagation  of 
spherical  waves  in  a  viscoelastic  medium. 

The  propagation  of  spherleal  waves  is  in¬ 
vestigated  In  an  infinite  linear  visco¬ 
elastic  solid  having  a  spherical  cavity  on 
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*ho««  boundary  a  tine-dependent ,  naif ora 
Impulse  pressure  (or  velocity)  it  applied. 


802*  Tryanln,  X.  I.  (Gor'kly),  The  of fact  of  XnZh 

transverse  loading  on  cha  stability  and  v.  3,  no*  3 
skla-partlclpatlon  factors  of  a  contln-  304-312 
nous  aultlpaaal  plats  under  compression. 

The  buckling  stability  of  an  Infinite 
elastic  plate  with  an  orthogonal  systaa 
of  equidistant  atlffanars  slaply  sup¬ 
porting  the  skin  Is  Investigated*  The 
plate  la  under  ualforn  continuous  trans¬ 
verse  load  and  la  nonprossed  along  the 
stiffeners  In  one  direction*  althar  ten¬ 
sion  or  compression  is  applied  to  the 
plots  along  the  stiffeners  in  the  other 
direction. 


803,  Sokolovskiy*  V.  V.  (Institute  of  Mechanics*  InZh 

Acadeay  of  Sciences  USSR).  Plastic  flexure  v*  3*  no.  3 

of  a  circular  plate*  363-368 

Tho  flexure  of  a  circular  plate*  slaply 
supported  on  the  edge*  beyond  the  elastic 
range  is  discussed*  The  plastic-bending 
behavior  of  the  plate  under  noraal  pressure 
Is  examined  over  the  whole  area  of  the  plate 
and  over  the  area  of  a  saaller  concentric 
circle* 


804.  Kozarov,  M.  (Sofia).  The  stability  of  In2h 

orthotropic  shells  under  temperature  effects,  v.  3 

O  |«j| 

A  system  of  differential  equations  for  579-584 

solving  problems  associated  with  the  thermo¬ 
elastic  stability  of  orthotropic  circular 
cylindrical  shells  is  derived,  starting  with 
Love’s  basic  equilibrium  equations  for  isotropic 
shells  and  assuming  a  membrane-stress  state 
of  the  shell  prior  to  buckling.  .  Thermal 
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ol‘  a  shell  m  a  temperature  field  is 
Investigated.  This  bucking  is  caused  by  a 
considerable  difference  in  temperatures  of  the 
skin  and  of  inner  shell  elements. 


80!i.  Darcvskiy,  V.  M,  (Moscow).  Stability  aqua-  InZh 

tiona  of  cylindrical  ahalls.  v.  3*  no.  4 

656-464 

General  differential  equations  describing 
the  buckling  behavior  of  nadlun-langth 
cylindrical  shells  under  torsion  com¬ 
bined  with  axial  compression  are  derived. 


806.  Kalinin,  V.  K.  Equations  of  motion  of  an 
artificial  earth  satellite . 

A  ooiqplete  system  of  exact  differential 
equations  is  derived  which  describe  the 
controlled  motion  of  a  satellite  with  a 
single  constraint:  that  the  gravitational 
field  must  be  central.  The  equations  derived 
will  facilitate  the  study  of  such  maneuvers 
as  automatic  approach  on  the  orbit,  or 
maneuvering  in  close  violnlty  of  the  orbit. 

A  coordinate  system  moving  along  a  central 
elliptic  orbit  and  a  fixed  one  (in  the 
oenter  of  Earth)  are  used.  Systems  of  ap¬ 
proximate  (linear)  equations  are  also  deduced. 


IskSpZe 

no.  16 
238-245 


807,  Shamiyev,  7.  0.  The  design  of  minimum- 
weight  shells. 

The  yield  conditions  for  the  maximal 
reduced  stress  is  used  to  obtain  the 
lower  limit  in  the  minimum-weight 
problem  o t  a  cylindrical  shell  under 
uniform  Internal  pressure. 
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808.  Barelas  ary  an,  Zh.  Ye.  On  the  stability  or  IzAN  MePte 

orthotropic  shallow  shells  in  suoersonic  no.  1 

gas  flows.  92-38 

The  flutter  behavior  of  a  thin,  orthotropic, 
rectangular,  simply- supported,  shallow,  constant- 
thiokneas  shells  of  constant  double  curvature 
is  discussed  in  linear  formulation.  There  is 
a  supersonic  gas  flow  on  one  side  o4'  the  shell. 

The  effect  of  transverci;  displacements  on  the 
flutter  parameters  is  analyzed.  A  qualitative 
analysis  in  the  case  of  a  weak  aerodynamic  non¬ 
linearity  is  given. 


809.  Kabanov,  V,  V.  Stability  of  a  circular 
cylindrical  shell  under  nonuniform 
compression. 

The  linear  problem  of  the  loo&l 
stability  of  a  circular,  closed, 
cylindrical  shall  under  circum¬ 
ferential  axial  compression  forces 
distributed  along  the  face  edges 
according  to  the  cosine  law  is 
discussed.  The  shell  is  abutted 
on  its  faces  against  rigid  dia¬ 
phragms. 


IzAN  MeMa 
no.  1 
181-163 


Grlgolyuk ,  E.  I.,  and  D.  D.  Chulkov.  Theory  IsAM  Me Me 

of  sandwich  shells  with  e  rigid  ore.  no.  2 

75-80 

The  vibrations  of  an  arbitrarily  shaped 
sandwich  shell  with  face  layers  and  core 
of  different  constant  thicknesses  and  as 
of  different  orthotropic  materials  is  dis¬ 
cussed.  The  Klrchhof f-Love  hypothesis  is 
valid  for  the  faces;  the  core  Is  rigid; 
compressibility  in  transverss  direction  le 
approximated  by  linear  functions. 


8llo  tends,  P.  S. ,  sod  Yu.  V „  Ponomarev.  A  simu¬ 
lation  method  for  boundary  value  problems. 


Is AN  MeMa 
no.  2 
73-80 


A  method  la  presented  for  the  solution  of 
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natural  vibration  problems  in  llnaar  in¬ 
homogeneous  systems  with  dlatributad  pa- 
raaatara  by  ualng  alactronlc  aodala  with 
d-c  amplifiers.  Tha  method  can  bo  applied 
to  tha  eigenvalue  problaaa  with  boundary 
eondltlona  of  a  general  type  and  alao  to 
tha  aolutlon  of  tha  problaa  of  self-induced 
vlbratlona  (for  example,  wing  fluttar  prob¬ 
laaa). 


Lemper,  R.  Ye.,  and  L.  G.  Shandarov  (Novosi- 
blrak).  Theoretical  and  axparlaantal  inves¬ 
tigation  of  aalf-lnduead  vlbratlona  of  cyl¬ 
indrical  ahalla  in  a  gaa  flow. 

Tha  dynaale  stability  of  f lnlta-langth 
cylindrical  ahalla  and  curved  panala  in 
a  auperaoulc  gaa  flow  parallel  to  thalr 
ganeratrlcaa  la  discussed,  taking  into 
account  tha  aarodynaalc  axcaaa  preaaura 
generated  by  flow  dlaturbancaa  eauaad  by 
tha  normal  dlaplacaaanta  of  tha  ahall 
surface.  Special  attention  is  paid  to 
peculiarities  in  designing  short  cylin¬ 
drical  shells  and  panels. 


Bolotin,  V.  V.  (Moscow).  On  the  theory  of 
laailnatad  plates. 

Tha  aquations  of  flexure,  with  boundary 
conditions,  of  elastic  platea  built  up  of 
n  "rigid**  and  n-1  "soft"  alternate  laminae, 
both  of  constant  thickness,  are  derived. 

The  behavior  of  this  "multilayer  sandwich" 
under  normal  continuous  load  is  discussed. 


Pel'mov,  V.  A.  (Leningrad).  Dependence  of 
stress  toncentratlon  on  the  surface  quality 
of  machined  parts. 

The  stress  distribution  over  the  surface 
of  machined  parts  is  discussed  and  the 
streee-coneentratlon  factor  is  determined. 


IsAM  MeMa 
no.  3 
58-64 
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The  surface  rou|hn«tt  it  regarded  at  a  nodal 
of  a  stochastic  fiald  with  certain  sta¬ 
tistical  stress  characteristics  which  are 
data rained  by  the  aathods  of  the  rand on- 
fun  ct  Ion  theory.  Asyaptotlc  methods  ere 
need  la  cases  of  ninute  surface-roughness 
heights. 


Aksal'rad,  E.  L.  (Leningrad).  Designing  a 
corrugated  diaphragm  as. a  nonshallow  shell. 

Equations  for  large  axlsymnetrlcal  dls- 
plecenents  in  elastic  shells  of  revolution 
previously  derived  by  the  author  are  trans¬ 
formed  to  a  fora  suitable  for  deteralnlng 
large  deflections  of  rotatlonally  syamet- 
rlcal  corrugated  diaphregns  of  an  arbi¬ 
trary  cross-section  profile  with  various 
types  of  rim  clamping.  The  effect  of 
geonetrlcel  corrugation  pereaeters  (ampli¬ 
tude,  wavelength,  thickness,  diene  ter  of 
the  flat  central  pert)  on  the  pressure- 
deflection  cherecteriatics  is  discussed. 


Nushterl,  Kh,  M.  The  range  of  applicability 
of  epproxlaete  theory  of  asymmetrical  sand¬ 
wich  plates. 

An  approximate  theory  of  asymmetrical  sand¬ 
wich  plates  based  on  the  hypothesis  that 
the  transverse  shear  in  the  core  layer  is 
constant  over  its  thickness  is  shown  to  be 
applicable  to  a  large  number  of  flexural 
probleaa  concerning  sandwich  plates.  The 
validity  of  the  theory  is  demonstrated  In 
the  cese  of  the  cylindrical  flexure  of  a 
elaply  supported  plate  under  a  lateral  load 
acting  on  the  upper  face  layer. 


Derevskly,  V.  M.  (Moscow).  Deteralnlng  the 
critical  pressure  for  a  cylindrical  shell 
stiffened  by  arbitrarily  spaced  rings  of 
different  rigidity. 
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The  author'*  method  for  stability  analysis 
of  a  cylindrical  shall  stiffened  by  equally- 
rigid  equidistant  rings  and  subjected  to 
external  normal  pressure  Is  generalised  to 
the  case  of  a  cylindrical  shell  with  sim¬ 
ply  supported  faces  and  stiffened  by  ar¬ 
bitrarily  spaced  rings  of  different  rigid¬ 
ities. 


8l8.  Pal'mov,  V*  A.  (Leningrad).  Stress  concen¬ 
tration  close  to  the  rough  surface  of  an 
elastic  solid. 

The  concentration  of  stresses  caused  by  the 
surface  roughness  of  machined  parte  Is  dis¬ 
cussed.  A  sample  expression  for  the  strese- 
concentratlon  factor  Is  derived. 


619.  Kononenko,  V.  0.  (Moscow).  On  oscillations 
of  a  body  about  Its  centroid. 

The  oscillation  of  a  body  joined  by  elastic 
springs  to  a  stationary  frame  and  subjected 
to  the  action  of  external  moments  is  inves¬ 
tigated.  The  center  of  body's  mass  Is  Im¬ 
movable  and  the  moments  directly  excite 
oscillations  about  only  one  coordinate  axle. 
Cases  of  indirect  excitation  of  oscillations 
about  other  coordinate  axis  are  discussed 
In  nonlinear  formulation.  Stability  con¬ 
ditions  of  a  disc,  a  sphere,  and  a  cylin¬ 
der  are  discussed  and  pertinent  equations 
are  derived. 


820.  Kan,  S.  N.,  and  D.  Ye.  Lipovskly.  Combined 
compression  and  flexure  of  stiffened  cir¬ 
cular  cylindrical  shells. 

The  states  of  stress  and  strain  of  circular 
cylindrical  shells  stiffened  by  stringers 
and  rings  are  analysed.  The  shells  are  sub¬ 
jected  to  transversal  loading  combined  with 
axial  compression  uniformly  distributed 
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along  tha  facat.  Tha  affacc  of  manufac¬ 
turing  Imparfoctlona  of  tha  shall* •  middle 
surface  is  taken  into  account*  Tha  problem 
is  discussed  in  a  linear  formulation  under 
conventional  assumptions  of  the  theory  of 
elastic  thin  shells. 


821.  Malkina,  R.  I.,  and  V.  G.  Godsevlch*  Free 
vibrations  of  zero-curvature  shells. 

Axially  symmetrical  free  vibrations  of 
arbitrary  cylindrical  and  conical  shells 
are  discussed  under  the  assumption  of 
multiwave  deformation.  The  differential 
equations  of  V.  Z.  Vlasov  for  arbitrary 
shallow  shells  with  a  large  index  of  vari¬ 
ation  are  simplified  for  the  case  of  zero 
curvature  and  used  to  analyze  the  vibra¬ 
tional  behavior  of  nojicircular  cylindrical 
and  circular  conical  shells. 


822.  Rabinskly,  N.  L.  Designing  cantilever  plates 
by  Vlasov's  variational  method* 

An  approximate  method  of  designing  canti¬ 
lever  plates  of  constant  cylindrical  rigid¬ 
ity  is  developed*  Plates  with  planfonns 
of  the  type  used  chiefly  for  airplane  wings 
—  rectangular,  tapered,  and  triangular  — 
are  discussed* 


823.  Kurshin,  L.  M.  On  derivation  of  variational 
equations  for  a  shallow  cylindrical  shell 
with  thermal,  stresses  taken  into  consid*- 
eration. 

The  principle  of  virtual  displacements  with 
introduction  of  two  potential  functions  (in 
forces  { nd  in  displacements)  is  used  in  the 
derivation  of  variational  stability  equations 
for  the  force-deflection  relationships  (in¬ 
cluding  thermal  buckling)  of  a  heated  thin 
0  shallow  cylindrical  shell  under  final  de?- 
f lections.  The  fundamental  relationships  of 
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shallow  shell  theory  are  used  as  Initial 
equations. 


824.  Kan,  S.  N.,  and  D.  Ye.  Lipovskiy.  Load 
oarrying  capacity  of  stiffened,  thin, 
circular  cylindrical  shells  under 
[axial]  compression. 

The  article  concludes  the  work  of  the 
authors  which  was  published  in  IzVUZ >  AT, 
no.  4,  1962  [79l>  and  no.  1,  19^3  [33]# 
by  presenting  a  simple  method  for  pre¬ 
dicting  the  load-carrying  capacity  of  a 
thin  compressed  circular  cylindrical  shell 
stiffened  by  a  system  of  frames  and 
stringers  and  discussing  the  effect  of 
various  constructional  parameters  on  the 
shell  strength. 


IzVUZ, 

no.  2 


34-43 


AvT 


325.  Kogan,  B.  I.t  and  A.  F.  Khrustal'yov.  Tha 
temperature  field  in  an  infinite  shallow 
cylinder. 


XsVOZ  M 
no.  2 
60-62 


The  problem  of  determining  the  stationery 
temperature  field  in  an  infinite  shallow 
cylinder  is  studied.  The  inne r • surf ace 
of  the  cylinder  has  a  constant  temperature; 
half  the  outer  surface  has  a  different 
constant  temperature,  while  the  other  half 
radiates  heat  Into  the  surrounding  medium 
according  to  Newton's  law. 


626.  Kan,  S.  N.  Load  oarrying  capacity  of 
olroular  cylindrical  shells  under 
flexure. 

The  determination  of  tie  load  oarrying 
capacity  of  a  circular  cylindrical  shell 
from  the  view  point  of  the  local  strength 
of  its  material  (not  of  buokllng  as  a 
whole)  Is  presented.  Problems  of  a 
horizontal  plain  cylindrical  shell  sub¬ 
jected  to  pure  flexure  combined  with 
uniform  radial  pressure  are  discussed. 


IzVUZ, 


627.  Kaplan,  YU.  Z.  Analysis  of  axlsymastrioal 
stats  of  stress  in  cylindrical  shells 
with  disore tely  spaced  elastio  frames. 

The  effect  of  disoretely  spaoed  transverse 
frames  on  the  strength  stability,  and 
free  vibration  of  cylindrical  shells  is 
examined.  It  is  assumed  that  the  end 
frames  are  either  rigid  or  elastio,  and 
the  intennediate  ones  are  elastio  in 
their  plane  and  perfectly  pliable  out  of 
it.  The  strength  of  shells  under  axi- 
symmetrical  loading  and  under  flexure 
combined  with  compression,  is  investi¬ 
gated. 


828.  Ivanyuta,  E.  I.,  and  R.  M.  Flnke i' shteyn. 

Investigating  the  axisymma trical  vibration 
of  cylindrical  shall*. 

Tha  possibility  of  simplifying  the  initial 
aquations  for  axlsymmetrical  vibrations  of 
cylindrical  shells  is  studied  In  order  to 
obtain  tha  engineering  dynaml cal-she 11- 
design  formulas.  A  system  of  homogeneous 
algebraic  equations  is  derived  from  which 
the  whole  frequency  spectrum  of  torsional 
and  combined  longitudinal-flexural  vibra¬ 
tions  can  be  determined. 


829.  Chernykh.  K.  F. ,  and  V.  A.  Shamlna  (Shell 

Theory  Laboratory.  Institute  of  Mathematics. 
Leningrad  State  University).  Designing 
toroidal  shells. 

Work  is  being  carried  out  to  systematise 
and  further  develop  design  methods  for 
toroidal  shells.  In  this  presentation  of 
the  first  part  of  the  planned  work,  the 
basic  general  methods  for  designing  tor¬ 
oidal  shells  unaer  conditions  of  symmetri¬ 
cal  loading  are  discussed.  A  chronological 
critical  review  of  Soviet  and  non-Soviet 
works  in  the  field  of  toroidal-shell 
design  showing  the  development  of  the  art 
is  presented,  and  a  list  of  46  Soviet  and 
36  non-Soviet  references  is  given. 
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830. 


Karavanov,  V*  F*  (Candidate  of  Taehnleal 
Sciences).  On  large  deflectlone  of  e 
clenped  cylindrical  light-cora-sandwich 
panel  under  unlforn  normal  pressure. 


MoAvI 

Voprosy  pro. 

no*  1 
97-109 


Large  deflections  of  a  rectangular,  cylin¬ 
drical,  shallow,  symmetrical  iight-core- 
•andwlch  panel,  built-in  on  all  edges,  are 
determined  in  the  first  approximation. 

The  panel  is  under  uniform  normal  pressure 
acting  on  its  convex  side}  the  materials 
of  its  faces  and  core  ere  isotropic,  homo¬ 
geneous,  and  elastic. 


831. 


832. 


Nasarov,  H.  0.  (Leningrad  Technological  PMe 

Institute).  Free  vibrations  of  olrcular  v.  9,  no*  3 
cylindrical  and  shallow  stiffened  shells*  249-259 

The  vibrations  of  shells  stiffened  by 
stringers  and  transverse  ribs  or  frames, 
the  tangential  rigidity  and  torsion  of 
which  are  neglected,  are  investigated* 

The  Ostrogradskly-Hamllton  variational 
principle  is  applied,  and  an  equation  for 
determining  the  natural  frequency  is 
derived* 


Karnaukhov,  V.  G*  Analytical  solutions  of  PNi 

f ree-vlbration  and  stability  problems  of  v*  9,  no*  5 

conical  shells*  259-295 


Simplified  Hushtari-Donne il-Vlasov  stress- 
strain  equations  are  used  to  establish  exact 
theoretical  solutions  in  the  analysis  of 
free  vibration  and  constructional  stabil¬ 
ity  of  cylindrical  conical  shells  under 
combined  axial  compression  and  external 
normal  pressure* 


833*  Karpov,  M*  X.  (Institute  of  Mechanics,  PKe 

UkrSSR).  Stress  and  strain  analysis  of  v*  9,  no*  3 
a  shell  with  unequally  spaced  stringers.  270-279 
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The  problem  of  tho  across  of  s  circular 
cylindrical  shall  stlffanad  by  arbitrary 
spacpd  strlngars  having  dlffaranc  geo- 
aacrlc  and  clastic  paraaatars  is  treated 
as  a  contact  problem  of  tho  theories  of 
ahalla  and  beans. 


834.  Kan,  8.  N.(Khar'kov  Higher  Aeronautical 

Engineering  School).  Load  carrying  capacity 
of  stiffened  and  corrugated  circular  cyl¬ 
indrical  shells  undar  compression. 

An  attempt  Is  made  to  develop  a  rela¬ 
tively  simple  method  for  determining 
the  load  carrying  capacity  of  construc¬ 
tionally  orthotropic  (stlffanad  or  corru¬ 
gated)  circular  cylindrical  thln-valled 
ahalla  undar  axial  compression.  The  L.  C.  C. 
Is  determined  not  from  buckling  conditions, 
but  from  crushing  stresses  of  the  materiel. 
Symmetrical  and  asymmetrical  manufacturing 
irregularities  are  taken  Into  account. 


835.  Komlsarova,  G.  L.  (Institute  of  Mechanics, 
Academy  of  Sciences  UkrSSR).  Longitu¬ 
dinally  corrugated  cylindrical  shells  of 
the  optimum  profile. 

The  problem  of  finding  that  form  of  corru¬ 
gations  which  will' ensure  a  maximum  buckling 
load  for  a  corrugation-cross-section  cyl¬ 
indrical  shell  of  a  given  weight  Is  dis¬ 
cussed. 


836.  Lur*ye,  A.  I.  Free  fall  of  a  mas  a  point  In 
the  cabin  of  a  satellite. 

The  path  and  velocity  in  a  free  fall  of 
a  mass  point  In  the  oabln  of  a  satellite 
performing  a  free  flight  (in  the  presenoe 
of  gravity  only)  and  In  a  flight  when 
nongravltatlonal  forces  (such  as  those 
caused  by  aerodynamlo  drag  of  the  satellite) 
are  present ,  are  discussed. 


PM# 

v.  9,  no.  S 
463-472 


PMe 

v.  9,  no.  3 
473-479 


Pitta 

v.  27 #.  no.  1 
3-"9 
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837.  Tokartv,  V.  V.  Tha  affect  of  random  devia- 
tlona  from  the  opt imum- thrust  program  on 
the  motion  of  a  variable-mass  body  with  a 
oonstant  power  expenditure  moving  in  a 
gravitational  field* 

The  problem  is  reduoed  to  determining  the 
minimum  averaged  value  of  the  increment 
of  a  characteristic  acceleration  (due  to 
the  thrust)  functional*  The  random  errors 
(stipulating  this  increment)  incurred  in 
realisation  of  the  opt irnum- thrust  program 
which  oause  deviations  from  the  calculated 
trajectory  are  discussed  as  well  as  the 
corrections  of  the  thrust,  their  number, 
and  distribution. 


PWte 

v*  27#  no*  1 
27-32 


338.  Chernyshov,  G.  N.  Thin  elastic  •hall  of 

arbitrary  shapa  aubjactad  to  concantratad 
forcas  and  moments. 


PM  Ha 

v.  27*  no*  1 
12S-134 


TUa  character! atic  faaturaa  in  stress-strain 
ralations  ara  atudiad  In  tha  vicinity  of 
points  vhara  concantratad  forcas  or  nonants 
ara  appliad*  Tha  raaulta  of  previous  in¬ 
vestigations  by  othar  authors  ara  general¬ 
ised. 


839.  Suvorov,  Yu.  P.  Spreading  of  thermal  stresses  PMMa 

in  an  elastoplas tic  bar.  v.  37,  no.  2 

3 13-3 It 

Propagation  of  atroaa  waves  in  a  saalflnlte 
a laatoplas tic  bar  caused  by  sudden  hasting 
of  its  froo  and  was  studied.  Tlne-depen- 
dant  thermal-stress  distribution  was  as¬ 
sumed.  A  nonlinear  heat-conductivity  equa¬ 
tion  waa  used.  Elastic  and  plastic  regions 
in  tha  bar  wars  noted.  Tha  ehock-vave  ac¬ 
tion  la  described. 


8^0,  Gol* dsnveysar ,  A.  L.  (Moscow).  Davalopnant  PMMa 

of  an  approximate  shall  theory  by  aaymp-  v.-  27,  no.  4 

totlc  integration  of  tha  elasticity-theory  393-60S 
aquations. 
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An  uyaptocle  method  of  integrating  cho 
differential  equations  of  ilaitleity  theory 
is  proposed,  by  ■••ns  of  which  an  approxl- 
aiti  theory  of  shells  cen  be  eatebllshed 
with  the  desired  degree  of  accuracy  in  e 
way  analogous  to  that  used  for  developing 
an  approximate  theory  of  flexure  of  plates 
In  the  author's  article  published  in  PMMs, 
v*  26,  no,  4,  1942. 


841.  Karavanov,  V.  F.  (Candidate  of  technical  RaPno,  Sb 

sciences).  Stability  and  large  deflec-  no.  9 

tlons  of  oblong  shallow  cylindrical  280-301 

light-core-sandwich  panels  under  unifora 
continuous  transverse  load. 

An  exact  solution  to  tho  equilibrium  problem 
of  an  oblong,  shallow,  cylindrical,  sandwich 
panel  under  normal  uniform  pressure  over 
its  convex  eurfaca  is  presented,  based  on 
the  theory  of  shallow  sandwich  shells  with 
a  light-weight  core  layer.  The  flexural 
rigidity  of  the  face  layers  is  not  con¬ 
sidered. 


842<  Vol'mlr,  A.  S.  Problems  in  elastic-system 
stability. 

In  his  recent  book.  Stability  of  Elastic 
Systems,  A.  S.  Vol'mlr  summarises  modern 
methods  of  Investigating  the  elastic  and 
plastic  buckling  of  columns,  plates,  and 
•hells  (mainly  thin-walled)  and  presents 
an  extensive  Soviet  and  non-Soviet  bib¬ 
liography  (468  items).  In  the  concluding 
article,  "Some  Problems  for  Further  Inves¬ 
tigations"  (pp.  837-840),  he  enumerates 
the  "urgent  problems  in  the  theory  of 
stability  of  elastic  «sys terns." 


UstoychivUpSis 

Monogr. 

1-879 


84 3.  Volkov,  A.  N.  Conference  on  the  theory  of 
shells  and  plates. 

The  Fourth  All-Union  Conference  on  the 


VeAlf  8S5R 
no.  1 
123 
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Theory  of  Shall*  and  Pistss,  called  by  the 
Presidium  of  the  Academy  of  Sciences,  Ar¬ 
menian  SSR,  <ai  held  in  Yerevan',  24  to  31 
October  1962,  and  was  attended  by  437 
representatives  of  aeaderaic,  departmental, 
and  industrial  scientific  research  insti¬ 
tutes,  and  planning  and  design  bureaus. 

The  work  of  the  conference  was  carried  out 
by  five  commissions  devoted  to  the  fol¬ 
lowing  topics}  1)  general  problems  of  the 
theory  of  shells  and  plates;  2)  stability 
and  nonlinear  problems;  3)  dynamics; 

4)  thermoelasticity,  creep,  and  plasticity; 
and  5)  structural  mechanics.  A  total  of 
181  papers  were  presented  in  the  sessions. 


841}.  Ivanov,  G.  V.  (Novosibirsk).  On  plastic  ZhPHaTP 
stability  of  a  cylindrical  shell  under  no,  3 
axial  compression,  111-116 

The  axisymmetrical  buckling  of  a  cyl¬ 
indrical  shall  subjected  to  axial  com¬ 
pression  is  examined  under  the  assump¬ 
tions  that  the  material  of  the  ahell  is 
incompressible  and  the  e train-hardening 
process  is  linear. 


945.  Ghernous'ko,  P.  L.  (Computing  Center, 

Academy  of  Sciences,  USSR).  Motion  of 
a  solid  with  a  cavity  containing  a 
perfect  liquid  and  air  bubble. 


1964 

■PWF 

28.  no.  4 
735-745 


The  motions  of  a  solid,  of  a  perfect  lzv 
compressible  liquid  filling  out  a  oavlty  in 
the  solid,  and  of  the  center  of  a  spherloal, 
nondeformable,  movable  air  bubble  formed  in 
the  liquid  are  studied.  The  motion  of  the 
solid-liquid-bubble  system  Is  described 
by  energy  equations  using  Its  momentum 
and  kinetic  energy.  Particular  oases  of 
translatory  and  rotary  motions  are  ana¬ 
lysed  as  well  as  the  effeot  of  forces 
and  moments  suddenly  applied  to  this 
system  on  its  motion. 
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3*6.  Iwgirit sev.  V.  V.  Notion  stability  of  a 
Mild  mild  with  liquid  possessing 
surfaee  tension. 

Ehe  motion  o f  a  solid  having  a  cavity 
filled  with  two  non-mixing  perfect  in¬ 
compressible  liquids  possessing  surface 
tension  is  Investigated.  Given  potential 
forces  are  aotlng  on  the  solid,  and  mass 
foroes  on  the  liquids.  The  Hamilton-  - 
Ostrogradskly  principle  of  least  action 
Is  used  in  deriving  the  equations  of  the 
motion  of  the  system  with  the  boundary 
conditions.  The  application  of  the  results 
obtained  to  the  viscous  liquids  filling 
the  oavlty  is  indicated. 


Ptffc 


26.  no. 


847.  Petrov,  A.  A.  (Computing  Center,  Academy  PMM& 

of  Sciences,  USSR).  Variational  forau-  v.  28,  no. 

latlon  of  the  motion  of  liquid  in  a  754-758 

finite-dimension  vessel. 

The  nonlinear  problem  of  oscillation  of 
an  ideal  incompressible  liquid  in  a  vessel 
of  finite  dimensions  is  discussed  in 
variational  formulation.  The  liquid 
partially  fills  the  vessel;  the  rest  is 
filled  with  gas.  The  kinetic  and  potential 
energies  of  the  system  are  considered  in 
determining  the  Lagrange  function  and  the 
Hamilton  action  integral  from  which  the 
solution  of  the  problem  is  obtained. 


4 \ 
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% 


GROUP  E  MISCELLANEOUS 


Acoustic  and  Sonic  Boon 
Auxiliary  Devices 


SECTION  E  MISCELLANEOUS 


ftyttkov#  A*  I.  Dm  rotstiomal  attic*  of  o  celestial 
Wy  around  Ito  motor  of  am. 

Results  or*  Urtn  of  th*  auaerlosl  integration  of 
differential  equa felons  of  th*  rotational  notion  of 
a  homogenous  bui  segment  when  th*  length  of  th* 
segment  1*  sufficiently  moll. 


1959 

WSCj^TIAI  ,  Soob 

■0.  US 
5541 


,Novoshilov,  V.  V.  (Leningrad) .  Dio-  FNN 

placement  of  a  perfectly  rigid  body  v.  23,  no,  4 

under  action  of  an  acoustic  pressure  794-796 

wave, 

A  pressure  wave  propagated  in  an  Infinite 
fluid  strikes  a  body  at  rest  (immersed  in 
the  fluid)  with  a  finite  impulse,  and 
causes  its  finite  displacement.  The  body 
la  perfeotly  rigid  and  Its  density  can 
be  higher,  equator  lower  than  that  of  the 
fluid  (displacements  due  to  the  buoy&noy 
are  negleoted).  The  body  has  two  ortho¬ 
gonal  planes  of  symmetry  (as  related  to 
Its  shape  and  mass  distribution)  which 
are  perpendicular  to  the  wave  front.  The 
possibility  of  solving  this  problem 
for  a  body  of  arbitrary  shape  is  briefly 
dlsoussed. 


Faysullov,  F.  S.  (Physic*  Institute,  Academy  of  Sciences  OpSpe 
USSR),  H.  R.  Sobolev,  Ye.  M.  Kudryavtsev,  A  spectro-  v,  8,  no,  6 
scoptc  Investigation  of  the  state  of  gas  behind  a  shock  761-768 
wave.  III. 

The  results  of  an  investigation  using  the  generalised 
spectrum-line  reversal  method  to  measure  the  tempera¬ 
ture  of  nitrogen  and  air  behind  a  shock  wave  in  the 
range  of  shook-vave  velocities  from  1.9  to  4,5  km/sec, 
and  for  gas  pressures  in  the  plug  from  0.1  to  4  atm  are 
presented,  The  distribution  of  temperatures  along  the 
plug  is  studied  for  various  shock  wave  velocities. 


851  •  gtsnyukovloh,  K.  P.  A  li  «*t*or 

•srodywmrte*. 

Equations  art  given  which  define  nhsomoaa  of  tba 
aotloo  of  meteors  at  a  spaod  of  lo  to  20  Wmo 
•&&  aa  altitude  of  100  km. 


852.  Sayeaov,  Yu.  8.  Tfcs  kinetics  of  ionisation  behind  a 
normal  shock  watt  la  air. 

A  theoretical  study  Is  nade  of  the  kinetics  of  elec¬ 
tron  processes  taking  place  behind  a  shock  vave 
propagating  in  air. 


853.  Kutnetsov,  H.  M.  (institute  of  Chemical  Physics,  Acad¬ 
emy  of  Sciences  USSR,  Moscow).  Kinetics  of  chemical 
reactions  during  air  expansion. 

The  kinetics  of  chemical  reactions  occurring  in  ex¬ 
panding  air  (with  subsequent  adiabatic  cooling)  in 
the  wake  of  hypersonic  blunted  bodies  is  discussed. 


85 Vinogradov,  R.  I.  Similitude  and  the  oscillations  of 
bodies  in  liquid  flows. 

Complete  similitude  in  the  development  of  self- 
induced  oscillations  in  an  elastic  body  in  an  incom¬ 
pressible  liquid  la  obtained. 


855.  Oronov,  A.  P.,  A.  0.  Sviridov,  and  H.  R.  Sobolev.  Con¬ 
tinuous  smlsslon  spectra  of  krypton  and  xenon  behind 
a  shock  wave. 

She  brightness  sad  energy  distribution  of  the  con¬ 
tinuous  spectra  of  krypton  and  xenon  behind  a  shook 
wavs  were  studied  at  Mach  numbers  from  11.5  to  15, 
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856. 


857. 


858. 


859. 


■rivtoowt,  I.  Y.,  mA  Yu.  f,  Lun'kin  (Leningrad  Ajriloo* 
technical  Institute),  Tbe  excitation  of  noleoule 
rotations  behind  *  shook  wave, 

Hbs  offsets  of  variations  In  gas  flowtoarsmsters  on 
tho  excitation  of  rotational  degrees  Jot  frsodon  of  the 
■Qlsculss  beyond  a  shock  wave  are  analysed.  It  is 
shown  that  tho  width  of  the  relaxation  region  is 
sharply  reduced  with  increasing  Mach  ousters  of  the  In¬ 
cident  flow.  A  sonatonlc  Impurity  has  only  a  slight 
offset  on  the  width  of  the  relaxation  region. 


Malices,  L.  A.,  and  N.  V.  Kirsanov. 

Release  system  for  a  deceleration 
paraohute, 

A  patent  was  issued  for  a  mechanism  for 
releasing  a  treking  parachute  with 
fbataed  opening  of  the  container 
compartment  dowr  In  case  of  an  emergenoy 
(accumulation  of  dirt  or  freezing) 
by  using  air  cylinders  connected  with 
the  oompreased-air  olroult  of  the  alr- 
oraft. 


Popov.  Ye.  I.  (institute  of  Physics  of  the  Earth. 
Academy  of  Sciences  USSR).  Results  of  experimental 
airborne  determinations  of  gravity  acceleration. 

Bie  purpose  of  the  experiment  was  to  determine  the 
difference  between  the  gravity  acceleration  on  the 
ground  and  that  in  the  air.  In  I960  measurements 
were  taken  from  an  11-14  aircraft  equipped  with  three 
highly-damped  GAL  gravimeters  suspended  in  gimbals,  a 
gyroatabiliaed  aerial  camera  with  a  70-mm  focal- length 
lene,  two  atatoscopes,  a  radio  altimeter,  and  two  rang¬ 
ing  devices  (flight  line  indicators ). 


Grigolyuk,  E.  I.  (Novosibirsk),  and  V.  L 
Prisekin  (Novosibirsk).  Dynamic  interaction 
between  an  orthotropic  cylindrical  shell 
and  an  acoustic  shock  wave. 


2m 

33#  *o.  i 

6T-T5 


1963 

Bizobr 
no.  17 
100 


IzAN,  IPZe 

no.  5 


Ie  AN  MeMa 

no.  6 
25-35 
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Displacements  in  an  infinite,  constructionally 
orthotropic,  thin,  elastic,  cylindrical  shell 
due  to  interaction  with  a  plane  acoustic  sho  :k 
wave  are  discussed.  The  shell  consists  o"  n 
homogeneous  isotropic  elastic  skin  stif^enc'l  b.v 
an  orthogonal  system  o'*  idunticnl,  equidistant, 
elastic  rings  and  stringers.  The  'ront  or  the 
incident  acoustic  shock  wave  is  parallel  to  the 
generatrices  or  the  shell. 


a6o,  fveaov,  Yu.  H.  (Moscow).  Motion  of  a  variable  mss  body  Rile 

with  Halted  power  end  given  active  time.  v.  27#  bo.  9 

694-8*9 

Several  authors  have  studied  optimal  working  conditions 
for  maUonaf  a  variable  mass  body  with  limited,  power  of 
the  reactive  Jet  to  find  the  optimal  running  tlae  of  the 
engines.  The  author  generalises  these  results  by  pro¬ 
posing  a  general  method  for  solving  the  variational  prob¬ 
lem  with  given  active  tlae  which  is  lsss  than  optimal. 

Be  formulates  the  variational  problem  for  the  case  cited 
In  the  title  end  Illustrates  the  general  results  by  ana¬ 
lysing  optimal  motion  In  a  plane-parallel  gravitational 
field.  He  investigates  two  limiting  cases  for  regulat¬ 
ing  a  propulsion  system  t  an  Ideally  regulateble  system 
(variable  optimal  thrust)  and  a  nonregulatabl*  system 
(constant  thrust). 


861.  Krasovski y,  Yu.  P.j  M.  A.  Lavrent'yevj  JV.  H.  Mdeeyevj  ZhMoTF 

A.  M.  Ter-Krlkorov;  A.  B.  Shabat  (Novosibirsk,  Moscow),  BO.  4 
Mathematical  problems  of  the  hydrodynamics  of  a  liquid  5-1 6 

with  free  boundaries. 

The  srtlcle  reviews  Soviet  publications  of  the  lost 
four  years  dealing  with  investigations  In  the  theory  of 
motion  of  a  liquid  with  free  boundaries.  Data  available 
from  the  authors'  survey  reports  presented  at  the  XY 
Vseeoyuznyy  matematleheskly  •"yead  (Fourth  All-Union 
Mathematical  Congress)  in  Moscow  in  1996  ere  used  1b 
this  paper. 
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Abbreviations  of  Souross  Used  In  Tnit  Report 


1.  AkZh  Akustioheskiy  Zhuraal  (Journal  of 

Aooustloo) 


2.  AN  QruzSSR,  Soobshohenlya,  Sbornik,  Voprcey  uinamiki 
Soob  Sb  1  proohnostl  (Academy  of  Sciences  Geor¬ 

gian  SSR.  Communicatlrns.  Colleote  > 
Artioles.  Problems  of  Dynamlos  and 
Strength  of  Materials) 


3.  AN  LatSSR,  Sb  Sbornik,  Voprosy  Uinamiki  1  proohnostl 
XAvtMe,  OFTN  (Academy  of  Sciences  of  Latvian  SSR*  In¬ 
stitute  of  Automation  and  Mechanics. 
Colleote  cl  Articles.  Problems  of  Dy¬ 
namics  and  Strength  of  Materials) 


4.  AN  UkrSSR 
IMe 


Aoademy  of  Sciences  Ukranlan  SSR 
Institute  of  Mechanics 


5.  AN  Vyoh  Ts 

o.  ApM 
7.  Arch  BMa 

Arch  Me  Sto 


AN  SSSR.  Vyohislitel 'nyy  Tsentr*  Ras- 
ohet  osesymmetrlchykh  tel  (Aeadtay  cf 
Solenoes  USSR.  Computing  Center.  C nl- 
oulatlon  of  Axi symmetric  Bodies) 

Apllcaoe  Matematlky  (Applied  Mathematics* 
Polish) 

Archivrum  budowy  maazyn  (Reoordo  of  Machine 
Bui Icing) 

Arohiwum  Meohaniki  Stosowanej  (Records 
of  Applied  Mechanics,  Polish) 


y.  ASA  f?3R  Academiya  Stroitel 1 atva  1  Arkhitektury 

I  Str  Kn,  Tr  SSSR*  Instltut  Stroitel 'nykh  Konstruktsiy , 

Trudy.  (Aoademy  of  Conatructlon  and 
Architecture  SSSR.  Institute  of  Con¬ 
structions,  Proceedings) 


10.  as  Zh 

11.  AvKos 

12.  Avt  Te 

13.  AW 


Astronomicheskiy  Zhurnal  (Astronomical 
Journal) 

Aviatslya  1  KoBmonautlka  (Aviation  and 
Astronautics) 

Avtomatika  i  Telemekhanika  (Automation 
and  Remote  Control) 

Akademie  Uer  Wissenschaften ,  Monatberichte, 
Berlin  (Academy  of  Sciences,  Monthly  Re¬ 
port,  Berlin.  German) 


207  - 


14.  BItobr  Byullsten'  izobrttsniy  (Bulletin  of 

Inventions) 

15.  DAN  SSSR  Doklady  Akademll  Nauk  SSSR  (Transactions 

of  the  Academy  of  Sciences  USSR) 

16.  DopAN,  Dopovldl  Akademii  Nauk  (Transactions  of 

OkrBSR  the  Aoademy  of  Scienoee,  Ukranlan  SSR) 

17.  EnX,  AN3SSR,  Ene^eticheslc'y  Instltut,  Academiya 

Nauk  SSSR.  Fizieheskay*  Gazodinamikn: 
Teploobmen  (Power  Engineering  Institute, 
AcaJemy  of  Soienoes  of  USSR*  Physical 
Gasoynar.ilcs  an  j  -Rent  Exchange) 

16,  0  A st  I  Gosuc'aratvennyy  Astronomioheakiy  Ins* 

titut,  Soobshoheniya  (State  Astronomic  il 
Institute,  Moscow  State  University, 
Communications) 

19.  IPMMe ,  ANSSSR  instltut  Priklannoy  hntematlkl  1  Mekhin- 
Slb.  0.  Sb.  lid  Sbornlk  (Institute  of  Applied  Mathe¬ 
matics  and  Mechanics,  USSR  Academy  of 
Sciences.  Slblrl&n  Branch,  Collected 
Articles) 

20.  IKhii.  Mn  Instltut  Khlmloheskogo  Msshlnostroyenlya 

(Institute  of  Chemical  Machine  Building) 

21.  InFI  Inzhenerno-fi .  ioheskiy  instltut.  (En¬ 

gineering  Physios  Institute) 

22.  InFZh  Inshenerno-fi^icheskly  Zhumal  (Engin¬ 

eering  Physios  Journal) 

23.  in  Zh  Inzhenernyy  Zhumal  (Engineering  Journal) 

24.  In  Sb  Inzhenernyy  Sbornlk  (Engineering  Review) 

25.  islTp  Issledovsniye  teploobmena 

26.  ISz  Iskusstvennyye  SputnikI  Zemli  (ijarth 

Artificial  Satellites) 

27.  IzAN  ArmSSR  Izvestiya  Akauemii  Nauk  Armyanskoy  SSR 

(News,  Academy  of  Scienoes  Armenian  SSR) 

26.  I^AN  ArmSSR  I; vastly a  Akademii  Nauk  Armyanskoy  SSR, 

PMN  .  Serlya  Fizlko-Natematlcheskikh  Nauk  (News, 

Academy  of  Sciences  Armenian  SSR,  Physics 
and  Mathematics  Series) 


29.  IzAN  AztrfiSR 

mm 

30.  ISAM  BnAvt 

31.  Is  AN  Me 

32.  IsAN  MtMa 

33.  IzAN  OTN 

34.  IzAN  SlbO 

35.  I-VUZ  AvT 

36.  IzVUZ  M 

37.  IzVUZ  Ma 

3d.  IzVUZ  Pb 

39.  KAvl,  Tr 

40.  Koslel 


Izvtstiya  Akadtmll  Nauk,  Azarbaydzhanskoy 
8SK.  Strlya  Piziko-Mat*mattmatioh*skikh 
Nuuk  (News,  Af.dtmy  of  Soltnots  Aztrfcal- 
Jsln  SSR,  Physios  and  Mathematics  Sorlss) 

ISYSStlya  Akadtmll  Nauk,  Bnsrsstlks  1 
Avtomotika  (Nows,  Aoadtmy  of  Soltnots 
USSR*  Power  Engine* ring  and  Automation) 

Izvtstiya  Akadtmli  Nauk,  Mtkhanlka  (News, 
Aoadtmy  of  Solsnoes  USSR.  Mechanics) 

IzvestJLya  Akadtmll  Nauk.  Mtkhanlka  1 
Mashlnostroyanlya  (Nats.  Aoadtmy  of 
Soltnots  USSR.  Mtohanlos  unu  Maohlm  Building) 

Isvtstlya  Akadtmll  Nauk.  0tdsl*n5y* 
Ttkhnlohtsklkh  Nauk  (News.  Aoadtmy  of 
Soltnots  USSR.  >partmsnt  of  Ttohnloal 
Soltnots) 

Izvestlya  Akadtmll  Nauk.  Slblrakoyt 
Otdtltnlyt  (Newt.  Aoadtmy  of  Soltnots 
USSR.  Slblrlan  Branch) 

Isvestlyr*  Vysshlkh  Uohebnykh  Zavedtnly. 
Avlatslonnaya  Ttk^nlka  (News  of  the  Higher 
Learning  Schools,  Aeronautical  Engineering) 

Izvestlya  Vysshlkh  Uohebnykh  Zavedtnly. 
Ma&smatlka  (News  of  the  Higher  Learning, 
Mathematics) 

Izvestlya  Vysshlkh  Uchebnykh  Zavedtnly , 
Mashlnostroyenlye  (News  of  the  Higher 
Learning  Schools.  Machine  Building) 

Izvestlya  Vysshlkh  Uohebnykh  Zavedenly. 
Prlbr'rostroyeniye  (News  of  Higher  Learning 
Schools.  Instrument  Building) 

Kazanskiy  Aviatslonnyy  Institute  Trudy 
(Kazan’  Aviation  Institute.  Proceedings) 

Kostrlohesklye  Iseledovaniya  (Spaoe  Research) 


41.  Konf.  Tpfine 

42.  ’'.Pol 

43.  lpox 
TQi  Tr 

44.  i.u  MMetfa 
Gb. 

45.  LU  NIellMMe 

•b  .  Mo  Av  I,  Tr 
•  KoPTIj  Tr 

'4.,.  MoU,  Vych  Ts 
Cb. 

4M.  NoVTU,  Tr, 


jc. 

OpSpe 

51. 

PMe 

//. 

PMMe 

53. 

Rev  Me  Ap 

54. 

RaPrKon 

Sb. 

Konferenteiya  po  teploobineny  i  i.nsso- 
obn.enu  (Conference  on  Heel  anti  /met 
transfer) 

Kievekiy  PoliteUhnioheskiy  Inetitut 
(Kiev  polyuechnio  Institute) 

Leningraoakiy  Polltekhnlcheakly  Inst  j  tut . 
Tekhnioheekaya  Oldrodinarnlka  Trudy  (Lenin¬ 
grad  Polytechnic  Institute,  Technical 
Hy'4ro-i.ynamicB,  Proceedings) 

Lenlnerut.Bkly  UniverBitet  Mfttei.atlcheoko- 
tiekhanicheskiy  Fnoul’tet  (Leningmc  , 
Univereltyk  Department  of  Mathematics 
•in*  Meohanios.  Collects*;  Articles) 

Lenin*; rad Bkiy  UniverBitet  Nauchno-Ie- 
aledovaiel 'akly  Inetitut  Matematikl  1 
Mekhaniki  (Leningrad  University,  Sclen* 
tific  Rese.iroh  Institute  of  Mathematics 
an*.:  Mechanics) 

MoskovBkly  Avlatsionnyy  Inatitut,  Tru-y 
(Moscow  Aviation  Institute,  Proceedings) 

Moscovskly  Pisiko-Tekhnicheskiy  Institvt, 
Tru  y  (Moscow  Institute  of  Physics  and 
Technology,  Proceedings) 

Moskovskly  UniverBitet,  Vychislltel1 
nyy  Tsentr,  Sbornlk  (Moscow  University, 
Computing  Center,  Collected  Articles) 

Koakovskoye  Vysshe-Tekhnlcheakoye  Uchl - 
lishohe,  Trudy  (Moscow  Hi$%ir  Technical 
Technical  School,  Proceeding) 

Opt llca  1  Spektroekoplya  (optics  and 
Spectroscopy) 

Prikladna  Mekhanlka  (Applied  Mechanics) 

Prikladnaya  Matematika  1  Mekhanika  (Ap¬ 
plied  Mathematics  and  Media  nice) 

Revue  ue  Mecanique  Appliques  (Revue 
of  Applied  Mechanics,  Ruman) 

Raeohety  na  Prochnoet'  Konstructely 
Teoretlcnesklye  1  Eksperlmental ' nyye 
isslet.ovaniya  Proohnosti.  Sbornlk 
(Design  for  Strength,  Theoretical  and 
Experimental  Investigations,  Collected 
Articles) 


,4 

■S 

I 
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55.  RZhH  Aeferatlonyy  Zhumal,  Matematika  (Journal 

of  Abstracts,  Mathematics) 

56*  JKOM6  Rsferativnyy  Zhumal,  Mekhanlkm  (Journal 

of  Abstracts,  Mechanics) 

57.  SibOAN  Slblrskoye  Otdelenlye  Academll  Nauk, 

Mia  Matematika  1  Makhanlka  (Sibirian  Branch 

of  tha  USSR  Academy  of  Scienoes,  Mathe- 
matlca  and  Mechanics) 

58.  S  Phya  (JETP)  Soviet  Physics  (English  translation  of 

Zhumal  Bkaperlmental'noy  1  Teoretioheakoy 
Plslki  see  No.  75) 


59.  StuOaNaAp  Studil  si  Caroetarl  de  Meoanloa  Aplloata 

(Study  and  Research  In  Applied  Mathematics, 
in  Rumanian) 


60.  Tp  Teploperldacha  (Heat  Transfer) 

61.  Tpa  Teploene* getika  (Heat  Power  Engineering) 

62.  Tpf  Taplofizika  (Thermophysics) 


63.  TOi,  Tr  Tekhnloheskaya  Gldrodlnamlka,  Trudy 

(Engineering  Hydromechanics,  Proceedings) 


64.  TsAeGiX (TaACQ)  Tsentral'nyy  Aerogldrodlnamlcheskly 
Sb.  Institute  SbornJk  (Central  Aero  and 

Hydrodynamics  Institute,  Collected  Articles) 


65.  UsPN 


Uspekhl  Plzichesklkh  Nauk  (Progress  In 
the  PhyBloal  Scienoes) 


66.  UsMN 

67.  UstUprSls 

68.  VeAH 


Uspekhl  Matematlchesklkh  Naur  (Progress 
In  Matheiratlcal  Scienoes) 

Ustoyehivost '  Upruglkh  Slstem  (Stability 
of  Elastic  Systems)  (Monograph) 

Vestnlk  Akademll  Nauk  (Herald  of  the 
USSR  Academy  of  Sciences) 


69.  VeLUMleAst  Vestnlk  Lenlngradskogo  Uhlverslteta 

Seriya  Natematlkl,  Mekhanlkl  l  Astronomll 
(Herald  of  Leningrad  University,  Mathe- 
matlos.  Mechanics,  and  Astronomy) 


70.  VeMbUMIe  Vestnlk  Moskovskogo  Unlverslteta  Seriya 

Natematlkl  1  Mekhanlkl  (Moscow  Univer¬ 
sity,  Mathematics  and  Mechanics) 
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71.  VpMe,  Sb. 

Voprovy  Mekhaniki,  Sbomik  (Problems  of 
Mechanics,  Collected  Articles) 

72.  Vyoh  M. 

Vyohlslitel ' naya  Materaatika  (Computing 
Mathematics) 

73.  WJPrzT 

WojBkowy  prteglad  Teohnlozny  (Polish) 

(Air  Force  Review) 

74.  ZhETeF 

Zhurnal  Eksperimental 'noy  1  Teoretloheskoy 
Fizika  (Journal  of  Experiments!  and 
Theoretical  Physics) 

75.  ZhPMeTP 

Zhurnal  Prikladnoy  Mekhaniki  1  Tekhnl- 
cheskoy  Flzlkl  (Journal  of  Applied 
Mechanics  and  Technical  Physics) 

76.  ZhTP 

Zhurnal  Tekhnlcheskoy  Flzlkl  (Journal  of 
Technical  Physics) 

77.  ZVyohMMP 

Zhurnal  Vyohlslitel 'noy  Matematlki  1 
Materaaticheskoy  Flzlkl  (Journal  of  Com¬ 
puter  Mathematics  and  Mathematical  Phy¬ 
sics) 
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Glossary  of  Abbreviations  Used  in  This  Report 


Abbreviation 


sslan,  Czekh 


llsh  (translated 


A  Akauemlya,  Akademloheskly  Academy ,  Aoademlo 

As  Aerodinamika,  Aerodimioheskiy  Aerodynamics,  Aero¬ 

dynamic 

Ak  Akustika,  Akustlcheskly  Acoustics,  Acoustic 

Ap  Appliques  (Fr,),  Aplloata  Applied 

(Rum. ),  Apllkace  (Polish) 

Ar  Arkhitektura  Architecture 

Aroh  Arehiwum  (Polish)  Archives 

Arm  Annenlye  (SSR),  Armyanskly  Armenia,  Armenian 

(aya) 

As  Astronomlya,  Astronomiches-  Astronomy,  Astronautics 

kly.  Astronaut Ika 

Av  Avlatslya,  Aviatslonnyy  Aviation 

Avt  Avtomatlka,  Avtomatlcheskly  Automation 

Azer  Azerbayazhan  (SSR),  Azer-  Azerbaijan 

baydzhanskiy 


B 

Byulleten' 

Bulletin 

Bd 

Budowy 

Building,  design  (Polish) 

Ce 

Cercetari  (Rumanian) 

Research 

D 

Doklaay 

Reports,  Proceedings 

On 

Dina  mi  ka 

Dynamics 

Dop 

Dopovidl  (Ukranlan) 

Transaction 

£ 

Eksperiment.  Eksperlroental 1 
nyy  (aya) 

Experiment,  Experi¬ 
mental 

En 

Energetics,  Energeticheskiy 

Energetics,  Power  En¬ 

Est 

Estonlya,  Estonskiy 

gineering,  Energy 
Producing 

Estonia  (SSR),  Estonian 

F 

Fizlka,  Fisicheskiy 

Physics,  Physical 

Pa 

Pfekul '  tet 

Department  (in  Univer¬ 

sity,  especially 
physios  ft  mathematics) 

G 

Oosudarstvo,  Gosudarstvennyy 

State 

Oa 

Oaz,  Gazodlnamlka 

Gas,  Gasdynamlos 

01 

Gldravllka,  Gldrodlnamlka, 

Hydraulics,  Hydrodynamics 

Oidrodlnamlcheskly 

Gruz 

Gruzlya,  Gruzinskiy 

Georgia  (SSR),  Georgian 

1 

Znstltut 

Institute 

In 

Xnzhener,  Inzhenernyly 

Engineer,  Engineering 
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Isk 

Iskuastvennyy 

Artificial 

X8l 

Xssledovanlya,  Is sled ova¬ 
te  1  '  skly 

Research 

Is 

I 2 vastly a 

Bulletin,  News 

Izd 

Isdatel ' atvo 

Publishing  House 

Xzobr 

Xzobretenlye 

Invention 

K 

Kiev,  Kievekly 

Kiev  (city) 

Kas 

Kazan',  Kazanskiy 

Kazan  (city) 

Khru 

Khimlya,  Khimicheskiy 

Chemistry,  Chemloal 

Kn 

Konst ruotsiya 

Construction,  Design 

Konf 

Konferentsiya 

Conference 

KOS 

Kosntos,  Kosmioheskly 

Space 

L 

Leningrad,  Lenlngradskiy 

Leningrad 

Lat 

Latvlya,  ^atvlyskiy 

Latvia  (SSR) ,  Latvian 

Lit 

Llteratura 

Literature 

Lot 

Lotnlczy  (Polish) 

Flight 

M 

Matematikn,  Matematicheskiy 

Mathematics,  Mathema¬ 
tical 

Ma 

Mashinostroyeniye 

Machine  building 

Has 

Massobmen 

Maas  transfer.  Mass 
flow  rate 

Me 

Mekhanlka 

Mechanics 

Mo 

Moskva,  lioakovskiy 

Moscow 

Mokolas 

Mokolas  lr  Technike  (Hun¬ 
garian) 

Science  and  Technology 

Honour. 

Monograph 

N 

Nauka,  Nauchnyy 

Science,  Scientific 

0 

Otdeleniye 

Department,  Branch,  Ssotlon 

Op 

Optika,  Optichesklj 

Optics,  optical 

P 

Prikladnaya,  Prikladnoy 

Applied 

Pb 

Priborostroyeniye 

Instrument  building 

PC 

Politekhnlka,  Politekhnlohes- 
kly 

Pollteohnlo 

Pro 

Prochnost ' 

Strength 

Prz 

Przeglad  (Polish) 

Review 

R 

Referativnyiy 

Reference 

Ra 

Raschet 

Calculation,  Design 

Rev 

Revue 

Review 

S 

Loyus,  Sovet,  Sovetskly 

Union,  Soviet 

Scientia 

Slnloa 

Chinese  Scienoe 

Sb 

Sbornik 

Collection,  Collected 

Sibir',  Sibirskly,  Sibir- 
skoye 

Articles 

Sib 

Siberia,  Siberian 

Sis 

Sistema 

System 

Soob 

Soobshcheniye 

Communication,  Message 
Report 
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Sp 

Sputnik 

Satellite 

Spe 

Speotroskopiya 

Spectroscopy 

Sto 

StoBOwaneJ  (Polish) 

Stu 

Studium  (Polish,  Stu .111 
(Rumanian) 

Studies 

Sti* 

Stroitel'stvo 

Building,  Construction 

T 

Tekhnika,  Tekhnicheskiy 

Technology,  Engineering, 
Teohnloal 

re 

Teoriya 

Theory 

T1 

Telemekhanika 

Telemechanlos,  Remote 
Congrol 

Tm 

Temperature,  Termicheskiy 

Temperature,  Thermal 

Tp 

Teplo,  Teploenergetika, 

Teploobmen 

Heat,  Heat  Poser  En¬ 
gineering,  Heat 
transfer 

Tpr 

Teploflzik* 

Heat  physics 

Tr 

Trudy 

Transactions,  Proceedings 

Ts 

Tsentr,  Tsentral ’nyiy 

Center,  Central 

U 

Universltet,  Uchilishche, 

University,  School, 

Uchebnoye 

Learning 

Ukr 

Ukraine,  Ukrainskiy 

Ukraine  (SSR),  Ukran- 
ian 

Upr 

Uprugost1 

Elasticity 

Us 

Uspekhl 

Progress 

UBt 

Us toy chinos t 1 

Stability 

V 

VysBhiy,  Vysshiye 

Hl:?h,  Higher 

Ve 

Vestnik 

Herald 

Voe 

Veyennyly,  Voyennoye 

Mil  ^  tary 

Vp 

Voprosy 

Problems 

Vos 

Vozdukh,  Vozuushnyly  (aya) 
Vychlsleniye,  Vychlslitel '- 

nyy 

Air 

Vych 

Computation,  Computing 

W 

VJissenshaften  (Oer;»an) 

Science,  Scientific 

Wj 

Wojskov/y  przeglad  Techniczny 

(Air  Force  Review, 

Polish) 

2 

Zavecieniye 

Establishment,  Insti¬ 
tution,  School 

Ze 

Zeralya 

Earth 

Zh 

Zhurnal 

Journal 
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No 


NAMS 


act max  c 

AUTHOR  INDEX 
ASSOCIATION 


ASSOCIATION  BEHERENCB 


1. 

Abranyan,  B.  L. 

Institute  of  J§£,  A  <f  Sd. 
ArnfiSR,  Erevan 

744 

2. 

Adamskiy,  V.  B. 

Moscow 

63 

3. 

Adushkin,  V.  V. 

Moscow 

227 

4. 

Akhnsd'yanov,  I.  S. 

765 

• 

5. 

Akim,  E.  L. 

671 

6. 

Aksel'rad,  E.  L. 

Leningrad 

726, 

815 

7. 

Aksenov,  A.  P. 

Leningrad  Uhiversity 

270, 

271 

8. 

Aleksakhin,  B.  N. 

315 

9. 

Aleksandrov,  A.  Ya. 

759 

10. 

Aleksandrov,  G.  V. 

Moscow 

798 

11. 

Aleksenko,  I.  I. 

Leningrad  Uhiversity 

185 

12. 

Alekseyev,  V.  M. 

95 

13. 

Alimov,  R.  Z. 

Kazan'  Aviation  Institute 

480 

14. 

Allshaev,  M.  G. 

Moscow 

551 

15. 

Antoartsunyan,  S.  A. 

Director  of  Inst,  of  I* We, 

&of  Sci.  ArnfiSR,  Erevan 

713 

16. 

Andryankln,  Ye.  I. 

Institute  of  Chem.  Physics, 
Mosoow 

461 

17. 

Anfimov,  N.  A. 

148, 

152 

18. 

Anisimov,  S.  I. 

232 

19. 

Ankudinov,  A.  L. 

172 

20. 

Antipov,  0.  0. 

Nikolayev  Shipbuilding  Inst. 

797 

21. 

Antonov,  A.  M. 

447 

22. 

Arkhlmov,  V.  N. 

Moscow 

120, 

410 

276 


23.  Artasonov,  K.  I. 

24 •  AAyufcft,  I»«  YU. 

29.  Antfiqw,  H.  Xh. 

26.  Mncvi  S.  K. 

27.  Avduyevikly,  V.  S. 

26.  Bttayev,  D.  A. 

29.  Babanko,  K.  I. 

30.  Babiohev,  A.  I. 

31.  Babloyan,  A.  A. 

32.  Badyagln,  A.  A. 

33*  Bagdasaryan,  Zh.  Ye. 

34.  Bakulev,  V.  I. 

35.  Balabukh,  L.  I. 

36.  Bam-Zelikovich,  Q,  N. 

37.  Barabanov,  A.  T. 

38.  Barantsev,  R.  0. 

39.  Barglazan,  A. 

40.  Bashkin,  V.  A. 

41.  Batrakov,  YU.  V. 

42.  Baush,  0. 

43.  Bazhenova,  T.  V. 

44.  Bazzhln,  A.  P. 

43.  Belotaerkovskiy,  0.  M. 

0 


Mosoow 

344 

Kasakh  State  university 

604 

Aoadaodolan,  A.  of  Sci. 
AnflSR,  Erevan 

745 

251,  252,  256, 
393 

Moscow 

71.  149,  155, 
158 

Mosoow 

412,  416 

Prof,  lfcth.  Inst.,  A.  of 

Sci.  USSR,  Moscow 

143 

Lost,  of  Ms.,  A.  of  Sol. 
USSR,  Moscow 

594 

A.  of  Sci.  ArafiSR,  Erevan 

747 

209 

A.  of  Sci.  ArmSSR,  Erevan 

713,  747,  808 

112 

Mosoow  State  university 

754 

Moscow  State  University 

331 

621 

Leningrad  University 

185,  369 

Rumanian  A.  of  Sci.,  Bucharest  31 

Moscow 

521 

Qortdy  State  University 

624 

Leningrad  University 

222,  223,  370 

Power  Engineering  Inst.  Moscow  99,  147 

428 

Confuting  Center,  A.  of  Sci.  193*  243,  237, 
USSR,  Moscow  282,  292,  337, 

375,  378 
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46. 

Belova,  A.  V. 

Leningrad  Uhlveralty 

128,  129,  407 

47. 

Beletskiy,  V.  V. 

664,  645a 

48. 

Bezgin,  L.  S. 

668 

49. 

Biryukov,  Ye.  A. 

Moscow 

320,  633,  714 

50. 

Biybosunov,  I. 

Air  Ftarce  Acadeny,  Leningrad 

54 

51. 

Bobrov,  Q.  Ye. 

Air  Force  Acadeny,  Leningrad 

312,  335 

52. 

Bodner,  V.  A. 

631 

53. 

Bogacheva,  A.  A. 

383 

54. 

Bogdanova,  V.  V. 

72 

55. 

Bolotin,  V.  V. 

Prof.  Head  cf  Wave  Mech. 
Dept.,  Inst,  of  Me*.  A.  of 
Scl.  USSR 

683,  696,  707, 
741,  751,  752, 
813 

56. 

Bondarev,  Ye.  N. 

Moscow 

306 

57- 

Borisov,  B.  I. 

Moscow  University 

373 

58. 

Borisov,  V.  M. 

Moscow 

442 

59. 

Borshchevskiy,  A.  P. 

733 

60. 

Bronshten,  V,  A. 

541 

61. 

Branskiy,  L.  N. 

Power  Engineering  Institute, 
Moscow 

526,  527,  589, 
612 

62. 

Broude,  B.  M. 

731 

63. 

Brovman,  M.  Ya. 

496 

64. 

Brykov,  A.  V. 

666 

65. 

Bublik,  B.  N. 

Kiev 

708  ,  788  ,  792 

66. 

Bukhvolstov,  A.  P. 

Leningrad  Physlco  -Technical 
Inst.,  A.  of  Scl.  USSR 

535 

67. 

Bukovshln,  V.  G. 

207 

68. 

Bulakh,  B.  M. 

Saratov 

284,  353,  366, 
367,  399,  401, 
436 

69. 

Bulyeyev,  N.  N. 

555 
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70. 

Bulygina,  Ye.  V. 

Electrical  Ehg.  Inst., 
Novosibirsk 

286,  308,  334, 
396,  423,  424, 
506 

71. 

Bunlaovieh,  A.  I. 

Moscow  State  University 

76,  331 

72. 

Burmistrov,  Ye.  P. 

768 

73. 

Busurlna,  L.  N. 

583 

74. 

Buyvol,  V.  M. 

710 

75. 

CarafOli,  E. 

Director  of  Inst,  of  Appl. 
Mach.,  Bucharest,  Rumania 

287,  288,  289, 
325,  328,  341 
342,  344,  345, 
387,  403 

76. 

Chakalev,  K.  N. 

613,  638 

77. 

Chao,  Heel-Yuan 

692 

78. 

Chaplina,  A.  I. 

Power  Engineering  Inst., Minsk 

532 

79. 

Chaxnyy,  1.  A. 

96 

80. 

Chamyy,  V.  I. 

667 

81. 

Chakalln,  V.  Ye. 

543 

82. 

Cheremkhln,  N.  K. 

647 

83. 

Cherestaeva,  N.  V. 

476 

84. 

Cherkez,  A.  Ya. 

Moscow 

157,  159 

85. 

Chemous’ko,  P.  L. 

Confuting  Center,  A.  of  Sci. 
USSR,  Mbscow 

845 

86. 

Chernykh,  K.  F. 

Leningrad  University 

829 

87. 

Chernyshov,  G.  N. 

838 

88. 

Chemyy,  0.  G. 

Direct.  Inst,  of  ffte, 

Moscow  State  University 

13,  17,  78, 
119,  250,  258 
259,  261,  262 
274,  318 

89. 

Cherpakov,  P.  V. 

Voronezh  State  university 

468 

90. 

Chervyakov,  S.  S. 

Inst,  of  Heat  and  Mass  Trans-  567 
fer,  A.  of  Sci.  BelorSSR,  Minsk 
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